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Abstract:

Propiconazole is a systemic fungicide from the triazole group used to control a wide
range of diseases. This poison causes cellular, genetic and metabolic damage in
animals. A bone is a hard tissue whose content is constantly changing. Longitudinal
growth of the bone occurs through the growth plate, which is a cartilaginous
structure at the end of the body’s long bones. During puberty, while the growth
plate closes (ossifies), the longitudinal growth of the bone stops. This study aimed
to investigate propiconazole’s effect on growth plate width changes (including the
area of proliferating cells and the area of hypertrophied cells) in immature rats.
This experimental study was conducted on 12 immature male Wistar rats randomly
divided into control and propiconazole groups. The treatments were done by oral
gavage for 28 days. On the 28th day, the dead animals and the left leg femur were
separated for histomorphometric studies of the growth plate width of the femoral
epiphysis. Investigations were carried out by (Rasband Wayne, 40g.1. ver, Imagel,
USA, NIH), and the significance of the results was done by ANOVA analysis of
variance and Tukey’s test. The width of the growth plate in the propiconazole group
had a significant decrease compared to the control group (P = 0.0126), which is a
decrease in the width of the proliferating area (P < 0.001) and an increase in the
width of the hypertrophied area (P = 0.016). Propiconazole leads to a decrease in the
width of the growth plate of the femoral epiphysis of immature rats. It can be a factor
in disrupting the process of longitudinal bone growth and premature closure of the

growth plate.

INTRODUCTION

Bone tissue is an active and dynamic tissue whose
internal microscopic structure is constantly changing
and transforming by bone cells (osteoblasts and
osteoclasts), plate growth, (remodeling structure).
Cartilage is highly organized between the epiphysis and
bone (1). The diaphysis is at the end of the long bones
of the body, which is divided into horizontal areas of
chondrocytes (chondrocytes) in different stages of
differentiation (proliferating cells and hypertrophied
cells) (2, 3).

Longitudinal bone growth results from the
proliferation and differentiation of chondrocytes of
the growth plate, which affects the genetic factors,
hormones, growth factors, environment, and nutrition.
Growth plates are closed with puberty (the matrix of
chondrocytes becomes bone), and the longitudinal

growth of bone ends (4-6). Growth plates in mice
remain open for an extended period until after sexual
maturity and perhaps throughout the natural life span
of the animal. Propiconazole is a systemic fungicide
from the triazole group, which is used to control a
wide range of fungal diseases in agriculture, such as
rice sheet blight, wheat rust disease, and wheat spike
Fusarium (3, 7).

Propiconazole causes toxicity in animals and types
of tissues, leaves a wide range of biochemical effects
in non-lethal doses, and can cause cellular, genetic
and environmental damage (8, 9). Few studies have
been done on the effect of propiconazole on the bone
and cartilage tissue of the skeletal system (10-12).
During the analysis of propiconazole on chicken and
quail embryos, the teratogenic effects of this poison
on cartilage and bone growth have been reported (13,
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19). Also, in the study of a family that was mistakenly
exposed to this poison at home, it was found that
propiconazole, in addition to neurotoxicity and
endocrine, had destructive effects on the development
of the skeletal system of the children of this family,
including delayed calcification He pointed out the delay
in bone growth, cyst growth in bones, pathological
fractures and lack of response to bone grafting in the
children of this family (14-18).

In response to the question of whether contact with
propiconazole poison can lead to premature closure
of the growth plate, followed by delay or reduction of
longitudinal bone growth, the present study aims to
investigate the effect of propiconazole poison on the
epiphyseal cartilage (growth plate) of rats. It was done
prematurely.

MATERIALS AND METHODS
Provision of animals

In this experimental study, 12 four- to five-week-
old Wistar male desert rats (average weight 100 gr)
were obtained from the Faculty of Pharmacy of Tehran
University and transferred to the animal research
laboratory.

Grouping and storage conditions

Mice were randomly divided into two groups of six,
control and propiconazole. All the experiment stages
were carried out following the principles of bioethics
in the case of laboratory animals. During the research
period, the rats were placed under the same and standard
conditions in terms of light (12 hours of light and 12
hours of darkness), proper ventilation and temperature
(2242 ° C), and enough water and traditional food
(chaw rat standard) in Their choice was made.

Determination of drug concentration

The concentration of propiconazole used in this study
was chosen as 30 kg/mg based on previous studies (11,
17, 18). The injection of 30 kg/mg dose and even doses
of 25, 15, and 10 kg/mg led to the death of animals. The
reason for this could be the young age and immaturity
of the tested mice; as a result, they could not tolerate the
dose they consumed. Therefore, the dose of 5 kg/mg,
the non-lethal dose of propiconazole, were considered
in this research.

Preparation of medicinal dilutions

Propiconazole 95% from Shanghai Tosco Chemical
Co., Shanghai (China) was used to prepare the dosage.
Dilution was done using the formula C2V2=C1V1 and
corn oil as a solvent. The volume of propiconazole 0.5
ml with a dose of 5 mg/kg for the propiconazole group
and the same volume of corn oil for the control group
was administered by oral gavage for 28 days at 10 am
(20, 21).
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Sampling of tested animals

After completing this period, the animals were killed
in a desiccator following ethical principles. The left
leg’s femur was immediately removed for histological
studies (growth plate histomorphometry) to fix the cells
in 10% formalin for at least 24 hours. The time was
set. In order to soften the bone tissue (decalcification),
a 7% nitric acid solution was used for five days and
nights, and the solution was replaced daily. After the
decalcification, it was used to remove the effect of
nitric acid from 5% sodium sulfate solution and to
remove the effect of sodium sulfate from running water
for 24 hours (22, 32).

Histopathological study

In order to investigate the tissue changes resulting
from the treatments, histomorphometric studies were
performed on the slides prepared from the growth
plate tissue of the left leg’s epiphysis region of the
femur and with the help of hematoxylin-eosin (E&H)
staining. In this staining, which is a general staining,
the nuclei appear blue to purple, and the cytoplasm and
connective fibers appear pink (30, 31).

Measurement of epiphyseal growth plate width

In order to measure the width of the epiphyseal
growth plate in each group, the width in six tissue
sections different from that group and in three regions
of each section using ImageJ software, version 1.40g
(Wayne Rasband, USA, NIH) and on the prepared
photographs. The average of these values was measured
from microscopic sections and considered each group’s
width of the epiphyseal growth plate. The proliferating
cells’ width and the area of hypertrophied cells on the
growth plate were also measured in the same order in
each group (23).

Statistical analysis

One-way ANOVA was used for statistical calculations
using GraphPad Prism® software, version 6 (La Jolla,
CA 92037, USA). The averages were calculated as
SEM=*Mean, and their comparison was made with
Tukey’s multiple comparisons test. A significance level
of P<0.05 was considered. Also, the graphs were drawn
with the help of Microsoft Office Excel 2007 software.

RESULTS
Investigation of growth plate width

The average width of growth plaque, proliferating
area, and hypertrophied area in the propiconazole group
was 0.4278, 0.2317, and 0.2383 mm, respectively.
These values in the control group were 0.9200, 0.3417,
and 0.1950, Table (1).

Investigating the average width of the epiphyseal
growth plate

Examining the average width of the epiphyseal
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Table 1. The average width of the growth plate, the area of proliferating cells of the growth plate, and the area of hypertrophied cells of the

growth plate in the propiconazole group and the control group.

Variables Propiconazole group Control group P value
(standard deviation = (standard deviation +
mean) mean)
4278,1212 £ 0.0
Plaque growth width (mm) 9200,3787 + 0,0 0126,0
The width of the growing 2317,03125 £0,0 3417,02401 £ 0,0 0001,0
area of the growth plate
cells (mm)
The width of the area of 2383,02927 £ 0,0 1950,02258 + 0,0 0166,0

hypertrophied cells of the
growth plate (mm)

growth plaque of the tested groups showed a significant
decrease (P=0.0126) of the growth plaque width in the
propiconazole group compared to the control group
(Figure 1, 2, 3). The tested groups showed a significant
decrease (P<0.0001) in the width of this area in the
propiconazole group compared to the control group
(P<0.0166). the width of this area was observed in the
propiconazole group in comparison with the control

group (Figure 3).

DISCUSSION

The data obtained from the calculation of the
epiphyseal growth plate width of the tested groups
showed that propiconazole significantly reduced the
width of the growth plate (24). In the propiconazole
study on chicken and quail embryos, the teratogenic
effects of this poison on the growth of cartilage
and bones were reported by researchers (24). The
propiconazole teratogenic effects include the reduction
of the growth of the skeletal elements of the leg and
wing and the reduction of calcification in the leg
bones (24). Bone and delayed bone calcification due to
contact with poisons were reported in children exposed
to this poison. Few studies have been done concerning
the toxic effect of external factors on growth plate
closure and with mechanisms different from the effect
of propiconazole (25).

Researchers showed that in desert rats subjected to
intensive and long-term treatment with warfarin (from
birth to eight months), excessive mineralization of the
growth plate led to fusion and complete closure of the
growth plate of the tibia and the stop of longitudinal
growth (26). Height in these animals has become.
Warfarin, along with defects in the synthesis of
coagulation factors related to vitamin K in the liver,
causes a decrease in the amount of mineralization
inhibitory protein BGP, which requires vitamin K for
synthesis), leading to excessive mineralization and
closure of growth plaques. While the increase of serum
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BGP in kidney patients or rats without kidney causes
the growth plates to remain open (27).

Propiconazole causes a deficiency in the vitamin K
function and a decrease in the level of BGP, followed
by a disturbance in the inhibition of mineralization.
Also, propiconazole has a destructive effect on the liver
and hepatocytes. Propiconazole causes The fusion of
the growth plate and a decrease in its width. This effect
is different in each mouse compared to another mouse,
which indicates the difference in the response of the
body of people and is a personal medical approach. Of
course, this hypothesis is against the oxidative effect of
propiconazole on bone and cartilage cells (28). Growth
plate areas have distinct morphological and biochemical
characteristics controlled by growth factor signaling
pathways. The destructive effect of propiconazole on
mitochondrial membrane transmission, vacuolation,
and swelling of mitochondria in the liver and heart
of desert mice, destruction of cytochrome P450 and
microsomes in human liver, changes in liver enzymes
and biochemical indicators of hepatocytes has been
proven (29).

Mitochondria are the first organelles that are affected
by propiconazole toxicity. Mitochondrial changes
caused by propiconazole are an indicator of increasing
the cell>s need for energy to overcome toxicity effects
(27-29). Considering the significant presence of
mitochondria in the growth plate’s multiplying area
and these organelles’ role in energy production, it can
be hypothesized that the reduction of energy in these
cells due to oxidative damage caused by propiconazole
causes disruption in the process. Proliferation and
the following stages of cell differentiation for the
transition from proliferative state to mature and
hypertrophied state. The destruction of other cell
organelles membranes, which leads to a decrease in the
synthesis of the intercellular matrix, can be a reason for
the decrease in the width of the proliferating area in the
present study. The hypertrophied area’s width increase
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Growth plate

A

B C

Figl. The growth plate of the lower femoral epiphysis of a rat and its different areas with E&H staining. A) growth plate with 10X
magnification. B) magnification 100X. C) the region of proliferating cells and hypertrophied cells, 200X magnification.

Fig2. The growth plate cartilage of rat femoral epiphysis with E&H staining. Three selected areas for calculating the average growth plate

width in the tested groups are marked with dark lines.

C

D

Fig3. A-D) tissue sections of the epiphyseal growth plate and proliferating and hypertrophied areas (one sample from six selected samples
from each group) with hematoxylin-cosin staining. A, B) control group. C, D) Propiconazole group.

in the treatment with propiconazole can be attributed
to this poisoning effect on the maturation and apoptosis
of chondrocytes in this area and the disturbance in the
process of chondroclastogenesis and calcification of
the growth plate. In this case, propiconazole exerts its
destructive effect by destroying the cell membrane of

organelles (30).

Using transgenic mice with defects in vitamin D
absorption, researchers stated that the width of the
growth plate of the tibia increased in these mutants.
In the present study, propiconazole, while destroying
osteoclasts and chondroclasts and inhibiting osteo/
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chondroclastogenesis, has increased the hypertrophied
area’s width (31, 32). Achieving more accurate
results requires conducting experiments at the
cellular and molecular level (including measuring
serum malondialdehyde levels as the final product
resulting from lipid peroxidation of cells in bone
tissue, measuring fluctuations in calcium, phosphorus,
vitamin D metabolites, parathormone, sex hormones
(FSH), LH, Estradiol (Testosterone), measuring
biochemical markers of bone changes including
osteocalcin, osteoprotegerin and alkaline phosphatase
of bone tissue and bone resorption markers, measuring
bone mineral deposition rate (MAR) Apposition
Mineral and estimating the amount of spongy bone
that develops along the growth plate should be done by
three-dimensional color maps to observe the decrease
or increase in the thickness of this area, which shows
the degree of calcification of the growth plaque (32).

CONCLUSION

Considering the histopathological effects of
treatment with propiconazole in rat bone tissue, it is
possible to point out the possibility of such cytotoxicity
in farmers and people who are in regular contact with
this compound and the need to take care and observe
protective coatings to prevent the poison from entering
the body. The body will lead to bone disorders and
reduced or delayed skeletal growth due to their natural
tendency to explore the surrounding environment
by putting various objects in their mouths and being
contaminated by direct contact with contaminated
surfaces, floors, and air. In addition, the physiological
characteristics of children, such as the high
consumption of water, food, and air per unit of their
body surface, can aggravate the risk and harm. It is also
necessary to protect pregnant mothers. Based on the
results from the histomorphometric studies, it can be
concluded that propiconazole leads to a decrease in the
width of immature rats’ growth plates of the femoral
epiphysis. Propiconazole can disrupt the longitudinal
bone growth process and cause the growth plate to
premature closure.
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