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Abstract 
Organophosphate (OP) use remains largely available worldwide despite more strict regulatory measures, in agriculture, parks or households, 
leading to a daily low-dose exposure. The systemic dysfunction appears partly due to acetylcholinesterase inhibition, exhibiting a primary 
toxic effect on the endocrine system but also on the liver and kidneys, which are responsible for products metabolization and elimination. 
Prolonged OP exposure can be responsible for histopathological (HP) changes that can either evolve or worsen pre-existing conditions. We 
conducted an experimental study including six male Wistar rats divided into two groups (four rats in the study group and two in the control 
group). The subjects in the first group were administered 100 mg/kg Chlorpyrifos half median lethal dose (LD50) at baseline and at 48 hours, 
under general anesthesia. Organ harvesting was achieved after one week. HP modifications were discovered in all kidney samples, with 
dystrophic changes and vacuolization of mesangial cells, dilation of renal tubules and epithelial atrophy. Congestion of vascular structures 
also occurred. The liver samples showed severe alteration in both vessels and hepatocytes. Adrenal gland impairment was confirmed through 
an increase in vacuole number in all areas, while a decrease in colloid content was noted in the thyroid gland simultaneously with a modified 
foamy aspect. This study is the first to certify the extent of organ injury induced by OP exposure, describing both glomerular and tubular 
involvement in the kidneys, liver necrosis and endocrine disturbances. 

Keywords: organophosphate exposure, liver injury, glomeruli atrophy, endocrine glands histopathology. 

 Introduction 
Organophosphate (OP) toxicity remains a prevailing 

topic despite all the measures dedicated to decrease the 
worldwide use of these compounds [1]. Although epide-
miological data suggests a higher incidence of severe OP 
poisoning in least developed countries, extensive use of 
these insecticides in agriculture and public parks, led to 
daily exposure to low doses even in the industrialized 
countries [2, 3]. 

OP exposure induces a systemic dysfunction through 
acetylcholinesterase irreversible inhibition [1], which 
determine a persistent depolarization through acetylcholine 
accumulation at the end-plate level [3]. The cyclic adenosine 
monophosphate (cAMP) synthesis is also altered, leading 
to modified cellular signaling processes. OP-induced 

oxidative stress is associated with lipids and proteins 
oxidation, reactive oxygen species production and deoxy-
ribonucleic acid (DNA) alteration, causing various tissue 
damage [4]. Primary toxic effects are exerted on the 
nervous system, but due to the high liposolubility, it is 
assumed that all organs can suffer toxic injuries [5]. OP 
cytotoxicity is responsible for the appearance of an 
increased number of necrotic cells in the blood sampled 
from poisoned patients [6]. 

Considering the OP toxicokinetic properties, the most 
affected organs are the liver and the kidneys. The liver is 
the main organ involved in metabolizing all xenobiotic 
substances [7]. Various histopathological (HP) modifi-
cations result from induced-accelerated glycogenolysis, 
proteolysis and lipolysis processes, with secondary reduction 
in liver size [8]. After passing the liver, OP metabolic 
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products are eliminated mainly through the kidneys on a 
rate dependent on accumulation in the fat tissue, relying 
on their liposolubility [9]. The exact mechanism of OP-
related renal dysfunction is not fully understood, exacerbated 
oxidative stress being the most incriminated process [10]. 
Current reported HP changes are glomerular sclerosis, 
tubular degeneration, and inflammatory infiltration [4]. 

Endocrine impairment has recently become of interest 
to the scientific community [11, 12]. Glucocorticoid and 
catecholamine hypersecretion were proved to be caused 
through an exaggerated cholinergic stimulation and a 
response to stress [13]. Existing literature data show a 
high sensitivity of the thyroid function to OP compounds 
[14]. Histological changes (such as focal necrosis) were 
detected in the thyroid follicles [14, 15]. 

Aim 

Starting from current researches, we performed a study 
that aimed to simulate daily repeated low-dose exposure 
to OPs, to discover and to describe the specific HP lesions 
of the main organs involved in metabolizing and elimi-
nating these compounds, as well as the modifications of 
the main endocrine glands. 

 Materials and Methods 
We performed an experimental study that included six 

male Wistar rats. During the study, they have had adequate 
food intake and ad libitum water. 

The six rats were divided into two groups: group 1, 
the study group, included four rats, and group 2 was the 
control group. The subjects in the first group were admi-
nistered 100 mg/kg Chlorpyrifos through oral gavage 
(ReldanTM 22 EC, Dow Agrosciences). The dose is 
equivalent to half of median lethal dose (LD50). Subjects 
in the control group were administered saline through oral 
gavage. In both groups, the gavage was performed under 
general anesthesia, according to the Institutional Animal 
Care and Use Committee (IACUC) recommendations, 
with 1% Isoflurane and Ketamine 40 mg/kg–Xylazine  
5 mg/kg. 

The protocol was repeated at 48 hours and seven days 
later, the subjects were euthanized with Isoflurane overdose 
to perform organ harvesting (liver, kidney, thyroid gland, 
adrenal glands, and pancreas) for HP examination. 

The euthanasia technique follows the IACUC regulatory 
guidelines on this topic [16]. 

Organ sampling was carried out in an adequate period 
to avoid prolonged ischemia (less than 15 minutes). 

After collection, the samples were fixed in 20% neutral 
buffered formalin and transported to the Laboratory of 
Histopathology, Victor Babeş National Institute for Research 
and Development in Pathology and Biomedical Sciences, 
Bucharest, Romania. The tissues were embedded in paraffin 
and these samples were cut and stained with Hematoxylin–
Eosin (HE). Moreover, thyroid and adrenal gland samples 
were immediately prepared after harvesting in order to be 
evaluated under electron microscopy. These samples were 
finely cut and were quickly fixed with glutaraldehyde. 

Tissue samples were examined using a Leica DM750 
microscope by independent observers, highly experienced 
in the optical microscopy field. Ultrastructural examination 

was performed using Philips EM 3101 transmission electron 
microscope. 

The study protocol was approved by the Local Ethics 
Committee of the Emergency Clinical Hospital of Bucharest, 
respecting the ethical regulations regarding experimental 
research on laboratory animals. 

 Results 
All subjects from the study group survived after 

Chlorpyrifos administration, although two presented mild 
cholinergic symptoms (sialorrhea and diarrhea). 

The most frequent HP lesions quantified in the liver 
samples were sinusoidal dilation (Figure 1, A and B), often 
accompanied by centrilobular vein dilatation (Figure 2, 
A and B). Inflammation of the hepatic tissue was also 
present and mononuclear cell infiltrates were highlighted 
(Figure 3, A and B). Furthermore, Kupffer cells hyperplasia 
appeared to be a reiterated HP feature (Figure 4, A and B). 
Considering the low-dose regimen of Chlorpyrifos, it is 
surprising that confluent necrotic areas were frequently 
identified (Figure 5, A and B). Cytoplasmic vacuolization 
of the hepatocytes was also noticed (Figure 6, A and B). 

During microscopic examination, HP changes were 
discovered in all the kidney samples from the exposed rats. 
The most interesting findings were dystrophic changes, 
vacuolization of mesangial cells (Figure 7) and glomeruli 
atrophy. The most frequent renal tubules histological modi-
fications were dilatation and epithelial atrophy (Figure 8, 
A and B). Dystrophic epithelial areas were usually associated 
with the presence of pyknosis and karyolysis. Areas with 
pronounced tubular dilatation, acquiring the aspect of 
‘thyroidization’ (thyroid-like appearance), were found in 
the exposed kidneys (Figure 8C). Multiple tubular areas 
with turbid dystrophy (cloudy swelling) were observed 
during microscopic examination (Figure 8D). Vascular 
structures from the analyzed samples were mostly congested 
(Figure 8, A and B). Like the hepatic tissue, the kidney 
was observed to be infiltrated with mononuclear cells 
(Figure 9). 

Regarding the endocrine system, adrenal and thyroid 
alteration were observed. Despite careful pancreas harvesting, 
no sample was adequate for examination. The HP feature 
identified in the adrenal gland samples was cytoplasmic 
vacuolization of the glandular cells in the zona fasciculata 
(Figure 10, A and B). These changes have also been 
confirmed by electron microscopy, identifying a marked 
vacuolization of the chromaffin cells after the intoxication 
(Figure 11, A and B). An interesting observation was 
represented by the inhomogeneous aspect of lipid droplets 
inside the chromaffin cells (Figure 12). Another particular 
aspect was that all nuclei were identified with chromatin 
margination (Figure 13). 

After thyroid gland examination, decreased colloid  
in the thyroid follicles (Figure 14A) and changes in the 
colloid aspect, like a foamy transformation (Figure 14B), 
were described. Ultrastructural examination revealed 
decreased colloid in the thyroid follicles, as well as a 
significant alteration of the follicular cells’ microvilli 
(Figure 15). Moreover, an intense damage of the 
mitochondria was confirmed in the follicular cells 
(Figure 16). 
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Figure 1 – (A and B) Liver after OP exposure with sinusoidal dilatation. HE staining: (A) ×200; (B) ×100. OP: Organo-
phosphate; HE: Hematoxylin–Eosin. 

 

 
Figure 2 – (A) Liver after OP exposure with centrilobular vein dilatation; (B) Liver after OP exposure with centrilobular 
vein dilatation (a) and sinusoidal dilatation (b). HE staining: (A) ×100; (B) ×400. 

 

 
Figure 3 – (A) Liver after OP exposure with mononuclear cells infiltrate in portal space; (B) Liver after OP exposure 
with mononuclear cells infiltrate (a) and sinusoidal dilatation (b). HE staining, ×200. 
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Figure 4 – (A) Liver after OP exposure with Kupffer cells hyperplasia; (B) Liver after OP exposure with Kupffer cells 
hyperplasia (a) and centrilobular vein dilatation (b). HE staining, ×100. 

 

 
Figure 5 – (A) Liver after OP exposure with intralobular confluent necrosis (a), vascular congestion (b) and sinusoidal 
dilatation (c); (B) Liver after OP exposure with intralobular confluent necrosis (a) and sinusoidal dilatation (b). HE 
staining: (A) ×400; (B) ×200. 

 

 
Figure 6 – (A and B) Liver after OP exposure with cytoplasmic vacuolization. HE staining: (A) ×100; (B) ×400. 
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Figure 7 – Kidney after OP exposure with dystrophic 
changes on the glomeruli and mesangial cells vacuoli-
zation. HE staining, ×400. 

 
 

 
Figure 8 – (A and B) Kidney after OP exposure with dilatation of the tubuli (a) and epithelial atrophy (b); (C) Kidney 
after OP exposure with dilatation of the tubuli, with the aspect of ‘thyroidization’; (D) Kidney after OP exposure with 
dilatation of the tubuli with turbid dystrophy (cloudy swelling). HE staining, ×400. 

 

Figure 9 – Kidney after OP exposure with vascular 
congestion (a), dystrophic aspect of the tubular epithelial 
cells (b) and mononuclear cell infiltration (c). HE 
staining, ×100. 
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Figure 10 – (A and B) Adrenal glands after OP exposure with cytoplasmic vacuolization. HE staining, ×400. 

 
Figure 11 – (A–D) Marked vacuolization of the chromaffin cells after the intoxication. Toluidine Blue staining: (A and B) 
Scale bar 100 μm. Transmission electron microscopy (TEM): (C and D) ×4500. 

 
Figure 12 – (A and B) Inhomogeneous aspect of lipid 
droplets inside the chromaffin cells. TEM, ×6000. 

Figure 13 – (A and B) Chromatin margination of the 
nuclei. TEM, ×4500. 

 

 
Figure 14 – (A) Thyroid gland after OP exposure with reduced colloid; (B) Thyroid gland after OP exposure with foamy 
transformation of the colloid. HE staining, ×400. 



Histopathological features of low-dose organophosphate exposure 

 

7 

 
Figure 15 – (A and B) Significant alteration of the 
follicular cells’ microvilli. TEM, ×4500. 

Figure 16 – (A and B) Intense damage of the mitochondria. 
TEM, ×4500. 

 
 Discussions 
The toxicity of OP compounds has raised global 

concern knowing the harming effects on health, in both 
acute and long-term exposure [17]. Present concerns are 
justified, considering the raising exposure that has become 
almost continuous because of external and inside use of 
these substances [18]. Our experimental research had as 
primary objective the evaluation of tissue changes caused 
by OP low-dose exposure in the main organs involved in 
metabolization and elimination, as well as in the adrenal 
and thyroid glands. The mechanism of OP toxicity has 
proven to be extremely complex, through inhibition of 
acetylcholinesterase and other types of enzymes or direct 
toxic effects [19]. The latter are due to the initial compound 
direct toxicity, but it can also act through its metabolites [7]. 

The liver is the main site of activation and detoxification 
from OPs, involving various enzymatic complexes, like 
P450 cytochrome, paraoxonase-1 and B-esterases [20]. 
Thiophosphate-like OP compounds become active in the 
liver through oxidative desulfurization to oxon compounds 
and the resulted substances are metabolized through 
hydrolyzation of the esteric bond, resulting fewer toxic 
compounds [9, 21]. Regarding HP changes, experimental 
studies have shown that various types of OPs lead to 
accelerated apoptosis of the hepatocytes together with 
structural and vascular damage [22]. 

In the present study, alterations in both hepatocytes 
and vessels were seen after a week from intoxication. The 
dilation of the centrilobular and sinusoidal veins were 
identified in all study liver specimens. The sinusoidal 
damage usually occurs in conditions of an increased 
portal pressure being linked to severe hepatic diseases, like 
cirrhosis. However, in our study, the sinusoidal dilatation 
is most probably due to a hepato-portal sclerosis that 
generates an intra-hepatic shunt. These pathological liver 
modifications are often described as the result of toxic 
effects of various exogenous substances [23]. 

Another vascular damage observed in the poisoned 
rat group was the dilation of the portal vein that probably 
occurred in the same context as the sinusoidal vein dilation. 
A hypertrophy of the Kupffer cells was detected indicating 
an intensive phagocytic activity secondary to Chlorpyrifos 
exposure. These cells are the first barrier in the liver’s 
process of detoxification, being frequently injured after 
exposure to exogenous toxic substances, like endotoxins 
or Acetaminophen, hence being the main source for local 
inflammatory mediators [24]. Their hypertrophy also 
contributes to the impairment of blood flow through the 
sinusoidals. 

Additionally, we noticed an increased number of 
cytoplasmic vacuoles in the hepatocytes. The occurrence 
of this vacuolization might be explained either by an 
alteration in lipid metabolism in the liver due to OP 
exposure or by a mechanism of collecting and isolating 
toxic products. The presence of an abundant inflammatory 
infiltrate and areas of necrosis indicate the proinflammatory 
status consecutive to OP exposure [25]. These changes are 
similar with those suggested by Ezzi et al. that evaluated 
the toxic effects of Chlorpyrifos, which pointed out the 
correlation between the inflammatory process in the liver 
and the one in the bone marrow [8]. Cakici & Akat also 
confirmed similar HP changes in the liver after acute 
poisoning with diazinon [10]. 

Among all renal injuries caused by the exacerbated 
oxidative stress, the OP exposure may decrease the level of 
some amino acids, like methionine or arginine, precipitating 
renal dysfunction and finally leading to renal impairment 
[7]. Other data suggest that the inhibition of butyryl-
cholinesterase in the renal distal convoluted tubules may 
be responsible [26]. Nevertheless, studies on human 
embryonic kidney cells revealed that OPs might produce 
DNA breaks and non-inflammatory apoptosis proportional 
with the exposure time and dosage. Once the apoptosis 
process has reached a certain level, a secondary inflammatory 
response appears to aggravate kidneys lesions [27]. Current 
reported HP changes are glomerular sclerosis, tubular 
degeneration, and inflammatory infiltration [4]. 

In our study, renal HP alterations were localized in 
the glomeruli and tubules. In the glomeruli, the most 
frequent changes were atrophic, as well as vacuolization 
of the mesangial cells, while in the tubules epithelial atrophy 
and dilation prevailed. It has already been shown that 
during mechanical or chemical aggression, cilia from the 
epithelial cells play a primary role [28]. As a result, 
epithelial cell atrophy induced by OP exposure may lead 
to further severe renal dysfunction. Current literature data 
show that the presence of tubular atrophy significantly 
correlates with serum creatinine levels and urine concen-
tration capacity. Furthermore, the degree of tubular atrophy 
reflects the decrease of glomerular filtration rate in patients 
with diabetic nephropathy. Therefore, the extensive tubular 
atrophy indicates a possible association between renal 
function and the exposure to OPs. The mechanisms of this 
tubular impairment documented in the present research is 
probably related with the local inflammation caused by 
the OP compounds and the oxidative stress [29]. The role 
of the inflammatory process in the renal tissue changes 
after Chlorpyrifos intoxication is confirmed by the identi-
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fication of the abundant inflammatory infiltrate and the 
congestive aspect. The increased number of macrophages 
at the levels of the tubules may play a role in promoting 
dilatation [30]. 

Like in our study, Cakici & Akat identified similar 
glomerular changes but he did not describe any tubular 
alterations, except a dilation of the Bowman capsule [10]. 
El-Shenawy et al. also noted the occurrence of glomerular 
atrophy and inflammatory infiltrate, with minimal tubules 
modification, after Diazinon exposure [31, 32]. Sarhan & 
Al-Sahhaf, in their study on rabbits intoxicated with Diazinon, 
highlighted the presence of both extensive glomerular atrophy 
and diffuse tubular alteration [33], while Badraoui et al. 
reported a decreased volume of glomeruli with increased 
number of sclerosed glomeruli after organochlorine exposure 
[34]. Although, ‘thyroidization’ aspect caused by hyaline 
cast formation of Tamm–Horsfall glycoprotein was a common 
finding in pyelonephritis and obstructive nephropathy 
[35], this is the first study to report such alteration after 
OPs exposure. 

After OPs exposure, studies have shown injury of the 
adrenal gland parenchyma, both in the cortical and medullar 
areas, showing that adrenal glands are highly vulnerable 
at OP exposure, with extensive cytoplasmic lesions and 
hypertrophy of the fascicular zone as opposed to the reticular 
area. Migration of medullar cells in the cortical area and a 
widespread cellular atrophy was also observed in laboratory 
studied animals [15, 36]. We observed a diffuse vacuoli-
zation of the cortical area in the adrenal glands. Although 
lipid vacuoles are naturally present in the cortical zone, 
the intoxicated subjects presented an increased level. The 
raise in vacuole number, especially in the fascicular zone, 
is frequent after exposure to toxic substances. Moreover, an 
increase in vacuole density can occur because of extensive 
corticotrophin activity [37]. Similar to our findings, Jeong 
et al. noted an extensive vacuolization in all three areas of 
the adrenals in Chlorpyrifos-treated rats [15]. In contrast, 
De Angelis et al. reported the absence of histological 
alterations of the adrenal glands’ tissues after Chlorpyrifos 
administration in adult animals and newborns from 
poisoned mothers [38]. 

In acute intoxications a decrease in triiodothyronine (T3) 
and thyroxine (T4) levels were confirmed, and in low-dose 
exposures appeared an alteration of the hypothalamic–
pituitary–thyroid axis, even in the absence of a signifi-
cant variation of the butyrylcholinesterase level [38, 39]. 
In thyroid samples, after optic microscope study, we 
discovered that the colloid appeared to be the most affected. 
A global decrease in colloid content was seen in the 
follicles and a change in its consistence, getting a foamy 
aspect. The reduction in follicles colloid quantity is usually 
associated with aging and does not always reflect the 
functional changes in the gland [2]. The foamy aspect of the 
colloid was also confirmed by De Angelis et al. in small-
aged rats borne from mothers exposed to Chlorpyrifos [38]. 
Furthermore, many follicles presented many desquamated 
cells in the colloid, reflecting an enhancement of the 
apoptotic process in the thyroid after intoxication. This 
exfoliation process of the follicular epithelium was reported 
in the research of Pandey & Mohanty who evaluated toxic 
effects on the thyroid after exposure to a combination of 
pesticides [31]. Jeong et al. also identified that exposure 

to Chlorpyrifos-methyl can be responsible for a decrease 
in the colloid level and the exfoliation of the colloid 
follicular tissue [15]. 

The OP intoxication is characterized by secondary 
metabolic disturbances, like hyperglycemia and an 
increased insulin resistance [8], indirectly stimulating the 
pancreas to secrete more insulin [40]. The excessive 
cholinergic stimulation also favors insulin and glucagon 
release [41]. Although we were unable to study the pancreas, 
there are morphological analysis which reveal a hypertrophy 
of the Langerhans islets and a change in microscopic aspect 
of the α and β cells, in cases with OPs exposure [16]. 

Study limitations 

One potential limitation of the present research study is 
the lack of serum parameters that could have contributed 
to the assessment of functional organ involvement in OP 
intoxication. 

 Conclusions 
The present study showed that repeated low-dose OP 

exposure might be responsible for important HP changes, 
long-term exposure leading to severe functional and 
structural damage. Considering the extensive use of OP 
compounds, early exposure of children to low doses of these 
substances may be the cause for chronic illnesses, such 
as cancer, diabetes, or other metabolic disturbances. The 
liver, as the main activation and metabolization site of the 
OP compounds, presented severe alteration in both vessels 
and hepatocytes. The modifications of the hepatic structure 
through repeated exposure to OPs probably will lead to a 
vicious circle in which toxic effects will raise progres-
sively concomitant with hepatic dysfunction. Regarding 
the kidney, extensive changes that occurred after OP 
intoxications affected the entire renal parenchyma, with 
alterations of the glomerular, tubular, and interstitial 
structures. From our knowledge, this is the first study that 
certified this degree of renal lesions severity caused by 
OP exposure. Adrenal gland research showed an increase 
in vacuole number in all glandular areas correlated to data 
obtained in previous experiments, suggesting that OP 
exposure is associated with a hypothalamic–pituitary–
adrenal hyperfunction. In the thyroid, the observed follicles 
alterations are similar with changes secondary to the 
inflammatory process associated to OP exposure. Further 
studies are required to validate the results of our research. 
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