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—— ABSTRACT
Article info: Background: Paraquat (PQ), an herbicide, is a very poisonous compound for both humans
Received: 05 Aug 2019 i and animals. This study was conducted to examine the protective effect of the Coenzyme Q10

Accepted: 24 Sep 2019 (CoQ10) in newborn rats from pregnant rats pre-treated with PQ.

. . X Methods: The experiments were conducted on 25 rats, divided in five groups randomly and
Online Published: 01 Apr 2020 equally: 1. Control Group received normal saline (0.1 ml/day); 2. PQ Group received PQ only
(5 mg/kg/day); 3. PQ+CoQ10 Group received PQ (5 mg/kg) and CoQ10 (10 mg/kg) daily;
4. PQ+olive oil Group received PQ (5 mg/kg) and olive oil (10 mg/kg) daily; 5. Olive oil
Group received olive oil (10 mg/kg/day). All of the injections were made intraperitoneally
and started on the 16" day of pregnancy through to parturition. Sixteen days after parturition,
the lungs were removed from the newborn rats, paraffin sections were made and stained with

hematoxylin and eosin, and analyzed histomorphometrically and stereologically.

Results: The results revealed that interstitial tissue and lung alveoli had normal structures
in the control and olive oil groups. In PQ and PQ-olive oil groups alveolar hemorrhage,
inflammation, extensive fibrosis, decreased alveolar numbers, increased mast cells, and
changes in the epithelia were observed. In PQ-CoQ10 Group there was a significant recovery
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Introduction materials, which takes a long time to be decomposed
[2]. Paraquat can rapidly enter the blood and reach all
raquat (PQ; 1, 1’-dimethyl-4, 4'-bipyri- organs and tissues [3]. Lungs are the main target or-
dinium chloride) is widely used as an gans in PQ poisoning [4]. Even though the kidneys,
herbicide; however, it is highly poison- heart and nervous system can also be affected, the main
ous to both humans and animals [1]. It reason for death due to PQ poisoning is the resultant
is also known as a dangerous pollutant to the environ- damage and fibrosis of the lung tissue within a few

ment because it can easily bind the soil and organic weeks [5].
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In previous studies on PQ poisoning in mice and the
embryos, rats, dogs and rabbits, it was observed that
PQ specially affected the lungs in the animals [6]. The
PQ toxicity is diagnosed through the progressive inter-
stitial fibrosis and edema of the lungs [7]. Some stud-
ies have revealed that when the parents were exposed
to herbicides, such as PQ, their offspring might suffer
Parkinson’s disease and leukemia [5, 7]. These stud-
ies suggest that PQ can damage the cell membranes
through the induction of multisystem toxicity [4, 8].

The mechanism of cellular damage induced by PQ is
believed to be cytochrome P450 reductase dependent,
causing Reactive Oxygen Species (ROS) formation and
membrane lipid peroxidation in the pulmonary cells.
Antioxidants prevent oxidative damage caused by ROS
in biological structures, and the interactions between an-
tioxidants and toxins can reduce their toxicity [9]. Co-
enzyme Q10 (CoQ10), also known as ubiquinone, is a
vitamin-like substance in all cells residing in the endo-
plasmic reticulum, peroxisome, lysosome and mitochon-
drial membranes. In recent years, considerable attention
has been paid to CoQ10 as a nutritional supplement that
inhibits some of the damages caused by ROS [10].

Previous studies have shown the protective effects of
CoQI10 in different models of tissue damage induced
by oxidative stress and inflammatory reactions [11-13].
This coenzyme is used in many disorders for its protec-
tive and antioxidant properties [12]. In the clinical appli-
cation, CoQ10 is used as a therapeutic agent for chronic
diseases, such as heart failure, muscular dystrophy, Par-
kinson’s disease, cancer and diabetes [13]. The purpose
of this study was to investigate the protective effect of
CoQ10 against the PQ-induced oxidative damage during
the gestational period and histogenesis of the lungs in rat
neonates, which has not been studied before.

Materials and Methods

Materials: In this experimental study, 25 adult Wistar
rats (15 female, 10 male), weighing 200-250 g, were
obtained from the Animal Resource Center, School of
Veterinary Medicine, Urmia University, Urmia, Iran.
Animals were kept under standard conditions of 12 h.
light and 12 h, dark at 25° C (+2° C) of the ambient tem-
perature and relative humidity of 50% (+10%). All of
the animals had free access to water and pellet food. The
rats’ behaviors were accurately recorded throughout the
study. Fallowing a week of adaptation to the laboratory
environment and checking the weights, the animals were
randomly divided into five groups of five rats each, with
two male rats per group.
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The presence of a vaginal plug and sperms in the rats’
vagina was designated as the first day of pregnancy.
The treatments started on the 16" day of gestation until
parturition (day 21). Supplies of CoQ10 and PQ were
purchased from Sigma-Aldrich (Saint Louis, MO, USA)
and Exir Company (Tehran, Iran), respectively. Paraquat
was dissolved in normal saline prior to injection into the
animals.

Treatments: All injections were made intraperitone-
ally and once daily as follows:

Control Group received normal saline (0.1 ml/day).
PQ Group received only PQ (5 mg/kg/day).

PO+CoQ10 Group received PQ (5 mg/kg) and CoQ10
(10 mg/kg) daily.

PQO+olive oil Group received PQ (5 mg/kg) and olive
oil (10 mg/kg) daily.

Olive oil Group received olive oil only (10 mg/kg/day).

All injections were made intraperitoneally and started
on the 16" day of pregnancy until parturition (a total of 6
days). Then, the lungs were removed from the newborn
rats 16 days after parturition, paraffin sections were pre-
pared, stained with hematoxylin and eosin, and analyzed
histomorphometrically and stereologically.

At the end of the experiment, all newborn rats were
weighed on the 16™ day after birth and then euthanized.
All the ethical requirements were observed based on the
guidelines of the Ethics Committee of the School of Vet-
erinary Medicine, Urmia University, Urmia, Iran (Reg-
istration Code: IR-UU-AEC-487/PD3). The right lungs
were sampled and fixed in 10% buffered formalin solu-
tion. After the lung tissue processing, paraffin sections
were made (5 pum thick) by rotary microtome (Micro-
tome, GmbH, Germany). After staining with hematoxy-
lin and eosin, histomorphometrical and stereological
studies were conducted in terms of the volume, numeri-
cal densities and mean number of alveoli, bronchioles,
fibroblasts and mast cells in the lung tissue samples. In
order to estimate the volume density, the tissue sections
were studied at equal distances (by removing 20 paraffin
sections or 100 p between two sections in sequence). In
addition, to examine the elastic and collagen fibers, Ver-
hoeff’s and Masson’s trichrome staining methods were
used, respectively. Also, toluidine blue method was used
to visualize the mast cells. In the stereological study of
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volume and numerical densities, the following formulas
were used:

Volume density (mm3)=dx3 pxa (p) [14]

Where “d” is the distance between cuts (100 p); “>p”
is the total number of focal points considered in each
section, and “a (p)” is the focal point considered in each
grade point.

Numerical density=NA/(D+T) [15]

Where “NA” is the number of profiles per unit area;
“D” is the mean diameter and “T” is the average thick-
ness of the sections.

Statistical Analyses: The data were treated statistical-
ly, using SPSS software v. 18 via one way ANOVA and
Tukey’s analyses. The P<0.05 was considered statisti-
cally significant among the data differences.

Results
Histological Studies

Group 1: Histological studies of the lung tissues in the
control group revealed that on the 16" day after birth,
the alveoli had grown and sufficiently extended with the
inter-alveolar septa being thoroughly thin. It was also
noted that type one alveolar cells with flat nuclei lined
the inner surface of alveoli. The type two alveolar cells

Figure 1. Histological sections of the rats lung tissue
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had spherical nuclei and were seen in the inner surface
of the alveoli in some sections. The interstitial tissue was
only slightly thick in some areas.

Group 2: The results demonstrated that most of the
pulmonary alveoli were small but some of them were
distended in Group 2 (PQ only). In addition, the inter-
alveolar septa were thicker and the interstitial tissue had
a higher cellular population than those in Group 1 (con-
trols), as seen in most sections. Most inter-alveolar septa
in this group were short and incomplete, with hyperemia
noted in the interstitial tissue.

Group 3: The histological study of the lung tissues in
Group 3 (CoQ10 — PQ) revealed that the number of
alveoli with large diameters increased compared with
those noted in Group 2 (PQ only). However, some al-
veoli with small diameters were also observed in this
group. In some histological sections, there was an ac-
cumulation of interstitial tissue. Also, it was revealed
that the inter-alveolar septa were thinner compared with
those seen in Group 2. It was also noted that the hyper-
emia in the interstitial tissue was significantly less than
that of the Group 2.

Group 4: The only significant histological finding not-
ed in Group 4 (PQ+olive oil) was the number of alveoli,
which was higher than those seen in Group 2 (PQ only).

Group 5: The histological findings in Group 5 (olive
oil only) revealed that the lung tissue was essentially sim-

1: Alveoli; 2: Inter alveolar septum; 3: Interstitial tissue; 4: Hyperemia. (H & E staining; mag. 400%)

Balazadeh F, et al. Study of the Lungs in Neonatal Rats Born to Paraquat-poisoned Pregnant Rats. Iran J Toxicol. 2020; 14(2):71-80.
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Figure 2. Histological sections of the rats” lung tissue, showing collagen foci (arrows) and fibrous tissue induced by Paraquat
toxicity

Mason’s trichrome staining; mag. 400x.

ilar to those seen in the control group, without any nega-
tive effects associated with olive oil (Figures 1 and 2).

Histomorphometrical and Stereological studies

Number of Bronchioles: The study of bronchioles
in the rats’ lung tissue revealed that the mean number
of bronchioles was not significantly different between
Groups 1 and 2. This number increased significantly in
Group 5 (olive oil only) compared to those in Group 2.
However, the number of bronchioles was not significant-
ly different among other groups (Groups 1-4) (Figure 3).
Also, the mean diameter of bronchioles among different
groups was not significantly different (Figure 4).

Number of alveoli: The evaluation of the mean num-
ber of alveoli in the lung tissue for different groups re-
vealed that the number of alveoli per unit area (1mm?)

Number
- N w H (62} ()] ~ o]
.

o

was decreased significantly in Group 2, while the admin-
istration of CoQ10 followed by PQ significantly reversed
this effect. Further, the use of olive oil with PQ did not
cause a significant increase in the number of alveoli. The
mean number of alveoli in the olive oil group was similar
to that of the control group (Figure 5).

Alveolar diameter: The analysis of the mean alveolar
diameter among the groups indicated that this feature in
the groups receiving PQ [2-4] decreased significantly
(P<0.05) compared to those in Groups 1 and 5 (controls
& olive oil). Further, there was no significant difference
among the groups receiving PQ with respect to the al-
veolar diameters (Figure 6).

Alveolar Volume: The volume density evaluation of
the lung alveoli showed a significant decrease in the PQ
group compared to those in the control group (P<0.05).

ab a
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| ' a
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Control PQ

Figure 3. Average number of the rats’ lung tissue bronchioles

PQ+Q10

PQ+Olive Olive

Superscripts (a, b) show the significant differences between the groups (P<0.05).

Balazadeh F, et al. Study of the Lungs in Neonatal Rats Born to Paraquat-poisoned Pregnant Rats. Iran J Toxicol. 2020; 14(2):71-80.
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Figure 4. Average diameter of bronchioles in the rats’ lung tissue

Superscripts (a, b) show the significant differences between the groups (P<0.05).
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Figure 5. Average number of alveoli in the rats’ lung tissue

Superscripts (a, b, c) show the significant differences between the groups (P<0.05).

The alveolar volume did not change significantly within Fibroblasts: The evaluation of the fibroblasts in the lung
Groups 2, 3 and 4 that received PQ. With respect to al- tissue showed that the mean number of these cells in Groups
veolar volume density, rats in Group 5 were as healthy as 2 and 4 (PQ & PQ-+olive oil) was significantly higher than
those in the control group (Figure 7). that in other groups (P<0.05). However, in Group 3 (CoQ10

— PQ) the mean number of fibroblasts decreased signifi-
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Diameter Mean

Figure 6. Average diameter of the alveoli in the rats” lung tissue

Superscripts (a, b) show the significant differences between the groups (P<0.05).

Balazadeh F, et al. Study of the Lungs in Neonatal Rats Born to Paraquat-poisoned Pregnant Rats. Iran J Toxicol. 2020; 14(2):71-80. 75
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Figure 7. Volume density of alveoli in the rats’ lung tissue
Superscripts (a, b) show the significant differences between the groups (P<0.05).
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Figure 8. Average number of fibroblasts in the rats’ lung tissue
Superscripts (a, b, c) show the significant differences between the groups (P<0.05).
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Figure 9. Average number of mast cells in the rats’ lung tissue

Superscripts (a, b) show the significant differences between the groups (P<0.05).
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Figure 10. Histological sections of rats” lung tissue showing mast cells (arrows) in the interstitial tissue

Toluidine blue staining; mag. 400%.

cantly compared to that in Group 5 (olive oil), but insignifi-
cantly compared to the controls (P<0.05) (Figure 8).

Mast Cells: The evaluation of the mast cells present
in the lung tissue showed that the mean number of mast
cells was significantly higher in Groups 2 and 4 (PQ &
PQ+olive oil) than those in Groups 1, 3 and 5 (P<0.05).
Although Groups 1, 3 and 5 contained the least num-
ber of mast cells, there were no significant differences
among them (Figures 2, 9 & 10).

Discussion

Paraquat is used as an herbicide and has a fast-paced
activity, causing electron transfer in plants and prevents
the production of NADPH. This process leads to the
production of hydrogen peroxide, which serves as an
oxidizing agent against cellular molecules, especially
the unsaturated lipids in the cell membranes. It has been
shown that PQ causes local intracellular edema in one
percent of the epithelial cells of the mice terminal bron-
chioles within an hour after administration and results
in extensive degradation after 24 h [16]. However, the
damaging effect on the bronchioles declines 24 h after
PQ administration [17]. Furthermore, it has been report-
ed that PQ can be detected in the bronchiolar epithelia 3
h after its intravascular injection [18].

Also, the absorption of PQ by bronchial epithelial
layer has been observed within 24 h after the intravas-
cular injection of PQ [19]. The present study showed
that the mean number and diameter of bronchioles did
not change significantly among different groups on day
16 after the birth of baby rats. While, most changes oc-
curred at the terminal airways and the alveoli, it is likely
that the amount of PQ passed from placenta to the baby
rats was not enough to significantly affect the num-
ber and diameter of the bronchioles. Alternatively, PQ
should have been administered earlier than the 16" day
of gestation to observe a significant effect.

Based on the results, the mean alveolar number was sig-
nificantly lower in Group 2 (PQ) than that in the control
and olive oil groups (Groups 1 & 5). The administration
of PQ 2 h after CoQ10 (Group 3) minimized or prevented
the oxidative effect of PQ, causing the development of
significantly higher number of alveoli compared with that
in Group 2 (PQ). Our results also showed that the adminis-
tration of olive oil together with PQ did not neutralize the
oxidative effect of PQ. We further found a compensatory
improvement in the alveolar diameter subsequent to the
use of CoQ10. This might have required the presence of
CoQ10 earlier than the 16" day of gestation for sufficient
alveolar development.

We found that the mean alveolar diameter in Group 3
was approximately the same as that of Group 2. Also,

Balazadeh F, et al. Study of the Lungs in Neonatal Rats Born to Paraquat-poisoned Pregnant Rats. Iran J Toxicol. 2020; 14(2):71-80.
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the alveolar volume density showed no significant dif-
ference between Groups 2 and 3, despite the compensa-
tory effects of CoQ10 on the number of the alveoli. The
paraquat toxicity is related to its ability to initiate lipid
peroxidation leading to damaged cellular membranes
and ultimately cell death [20]. It has been reported that
micro-viscosity of the membrane declines due to mem-
brane peroxidation, leading to local tissue hemorrhage
[21]. Our histological findings confirmed the toxic ef-
fects of PQ on the baby rats’ lung tissue. It is known
that paraquat accumulates slowly in the lungs through an
energy-dependent process [22]. The elimination of PQ
in its intact form occurs in two ways - a large amount
through the urine and a scant amount through the bile
[23]. In mammalians, the primary damage caused by PQ
occurs in the lungs, by accumulating in type I and II al-
veolar epithelia and Clara cells [24, 25].

Morphological damages caused in the lungs by PQ
are initially identified as primary destructive phase, in
which types I and II alveolar epithelia are damaged. Sub-
sequently, a proliferative phase occurs that is character-
ized as alveolitis, pulmonary edema and infiltration of
inflammatory cells [24, 25]. It has been suggested that
intra-alveolar hemorrhage, edema, extensive fibrosis and
changes in epithelia can occur in the lungs following PQ
toxicity [26]. During the acute toxic phase, tissue edema,
vacuolization, and mitochondrial or endoplasmic disor-
der of type I and II pneumocytes can occur [27]. This
phase is followed by a progressive pulmonary fibrosis,
associated with alveolar degradation [28].

In the present study, the evaluation of mean number of
fibroblasts indicated a rise in the pulmonary interstitial
connective tissue. In Group 2, the number of fibroblasts
in the lung tissue increased significantly and caused tis-
sue fibrosis compared to that in the control group. In
contrast, the proliferation of fibroblasts in Group 3 was
significantly prevented in the presence of CoQ10. The
use of olive oil with PQ (Group 4); however, did not pro-
vide a significant protective effect.

The presence of mast cells under oxidative stress repre-
sents inflammation. In Group 2 (PQ), the number of mast
cells was significantly increased compared to that in the
controls, while the anti-inflammatory effects of CoQ10 in
Group 3 resulted in a reduction in number of mast cells,
similar to that seen in the controls. The use of olive oil plus
PQ had no anti-inflammatory effects on the average num-
ber of mast cells. In addition, the study of all parameters
showed that the use of olive oil alone did not have any
toxic effects and these parameters did not differ signifi-
cantly from the healthy control group. In a previous study
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on rats, it was shown that mast cells and fibroblasts pro-
liferated approximately three to four weeks after an intra-
peritoneal injection of PQ [29]. It is known that mast cells
increase in the lung interstitial tissues, leading to fibrosis
[30]. The fibrosis is likely to be linked to histamine, a ma-
jor inflammatory mediator released by mast cells which
enhances collagen synthesis [31].

The present study demonstrated that the antioxidant ef-
fect of CoQ10 had a significant protective effect in rats
poisoned with PQ and protected the lungs from dam-
age [32]. CoQI10 is an essential coenzyme and serves
in the electron transfer chain as a strong antioxidant
and anti-inflammatory agent in mitochondria and other
lipid membranes [33]. Likewise, it has been noted that
CoQ10 can be effective in reducing the free radicals
and inhibits lipid peroxidation in patients poisoned
with paraquat [34, 35].

Conclusions

Based on our results, it can be concluded that PQ is
able to pass from the placenta to the embryo through the
blood in pregnant rats, affecting the lungs histogenesis
in the newborns. The major pathological changes in the
lung tissue were in the diameter and number of alveoli,
as well as destructive changes in the interstitial tissue.
The observed increase in the number of alveoli and the
decrease in the interstitial tissue, and mast cells are likely
to be related to the antioxidant properties of CoQ10. Fi-
nally, we can conclude that the administration of CoQ10
is recommended to prevent PQ toxicity complications.
Future studies should allow longer period of time than
16 days post partum to explore whether further improve-
ment in the lung tissue damages may occur.
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