The Potential Protective Role of Hydroxytyrosol against
Cypermethrin-induced Histological, Immunohistochemical and

Original Biochemical Changes in Lung of Adult Male Albino Rats

Article
Marwa Tharwat and Rania Said Moawad

Department of Anatomy and Embryology, Faculty of Medicine, Zagazig University, Egypt

ABSTRACT

Introduction: Cypermethrin (CYP) is a synthetic pyrethroid used as a pesticide. It induces toxicity of different organs.
Hydroxytyrosol (HT) can protect against oxidant-induced toxicity and promote programmed apoptosis counteracting cellular
infiltration.

Aim of the Work: The present study aimed to assess the CYP-induced histological, immunohistochemical and biochemical
changes in rat lungs and to clarify the protective role of HT.

Materials and Methods: Forty adult male albino rats, their wights were (150200 g), were used. The rats were equally
distributed into four groups as follows; control group gavaged by oral route with corn oil (1 ml/kg/day), HT group gavaged by
oral route with HT (50 mg/kg/day dissolved in I ml distilled water), CYP-treated group gavaged by oral route with CYP (20
mg/kg/day dissolved in I ml corn oil), and CYP+HT treated group treated orally with CYP and HT (as previous doses) for 14
days. All groups underwent histological lung examination, immunohistochemical, morphometric and biochemical analysis.
Results: This study showed that CYP caused a significant rise in MDA with a significant decline of SOD, CAT, and GSH
levels. Histological changes revealed extensive cellular infiltration, thickening alveolar septum, increased angiogenesis with
areas of hemorrhage, extravasation of blood, and decreased areas of ventilation in lungs of rats treated with CYP. Moreover,
ultrastructural observations confirmed previous results. A noticeable improvement of the affected lung tissues was observed
with HT treatment in the form of regaining of normal epithelial bronchial lining, re-inflation of alveoli and nearly intact intima
of the blood vessels as well as restoration of type II pneumocyte structure.

Conclusion: HT was proved to ameliorate the CYP-induced histological, immunohistochemical and biochemical changes in
rat lung, without abolishing it. This could be explained by HT's anti-inflammatory and antioxidant properties and scavenging
abilities against active free radicals. These findings can be of value for future clinical applications.
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INTRODUCTION to prevent apoptotic cell death induced by oxidative stress
in various organs!”. The exceptional antioxidant activity of
HT has encouraged research in numerous fields. HT has
many health characteristics including cardioprotective,
antidiabetic, antioxidant, antitumoral, antimicrobial, and
neuroprotective activitiest®l,

Cypermethrin (CYP) is a combined sort II synthetic
pyrethroid, broad-spectrum, decomposable Insecticide and
utilized in agricultural, residential, and commercial pest
control applications!!. It has a fast-acting neurotoxic effect
with good contact and stomach action!?.

The current work was performed to assess lung structure

It is commonly used in agriculture, especially in the ] ) ) }
by light and electron microscopes and biochemical effects

last two decades, because of the strong efficiency of this

pesticide against a wide range of harmful organisms. The of CYP insecticide on the lung of adult male rats and the
systemic effects of CYP are almost directed to the nervous protective effect of HT in alleviating the deleterious action
system by inhibition of acetylcholinesterasel®. The other of cypermethrin on lung structure and function.

mechanism is the oxidative stress resulting from exposure

to this pesticide!. The relation between CYP exposure MATERIAL AND METHOD

and the toxic manifestations in various organs have been Chemicals

studied, including hepatotoxicity, reproductive toxicity,

immunotoxicity, neurotoxicity, and genotoxicity!!. 1. Cypermethrin: CYP concentration 98% liquid

provided by” Jiangsu Yangnong Chemical Group

A polyphenolic antioxidant compound of the olive plant, Co L.T.D., China”

which is Hydroxytyrosol (HT), is identified to protect cells

from ROS-induced damage by scavenging free radicals in 2. Corn oil: obtained commercially from their
several pathological conditions!®. It has also been reported suppliers.
Personal non-commercial use only. EJH copyright © 2022. All rights served DOI: 10.21608/ejh.2021.70444.1456
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3. Hydroxytyrosol: HT was purchased from
ProHealth, Inc. Carpinteria, Santa Barbara County,
California, USA.

Experimental animals

Forty healthy adult male albino rats were used in the
current study. Their weights were 150-200 g each and were
obtained from “Animal House in the Faculty of Medicine,
Zagazig University”.

Experimental plan

The animals were kept under hygienic conditions
with supplying them regular food and water ad-libitum
and saving them in animal house in steel wire cages.
The animals were kept at temperature (23°C + 2°C) for
15 days to adapt the laboratory conditions. All rats were
examined following the standard guide for the care and use
of laboratory animals (IACUC approval number is ZU-
TACUC/3/F/126/2020). The rats were fairly distributed
into 4 main equal groups as follows:

Control group (n=10): each animal was provided
(1 ml/kg/day) of corn oil (solvent of CYP) once each day
for 14 days.

HT group (n=10): each animal was gavaged by oral
route with HT (50 mg/kg bw) dissolved in 1 ml of distilled
water, once each day for 14 days®.

CYP-treated group (n=10): each animal was gavaged
by oral route with CYP (20 mg/kg bw) dissolved in 1 ml of
corn oil, once each day for 14 days!'”.

CYP+ HT group (n=10): each animal was gavaged by
oral route with 20 mg/kg bw/d of CYP along with 50 mg/
kg bw/d of HT for 14 days!!'%.

The rats in all groups were anesthetized on day 15 of
the experiment by 100 mg thiopental by intraperitoneal
injection, blood samples were taken, and then all rats were
sacrificed The lung samples were then quickly dissected
and existed carefully then immediately immersed in 10%
formol saline for light microscopic examination. Another
lung samples were washed with ice-cold phosphate-
buffered saline (pH 7.4) and stored at —80 °C. For the
biochemical assessment of oxidative stress (MDA, SOD,
CAT and GSH) and the histopathological analysis, the
blood and both lung tissue samples were saved.

Biochemical assessment

Fixation of lung tissues homogenates was done by
a tissue homogenizer. Then centrifuged at 10,000 g at
4 °C for 20 min, and the supernatants were collected;
superoxide dismutase (SOD), catalase (CAT), glutathione
(GSH) activities and malondialdehyde (MDA) level were
determined by a method described in previous studies!'!!.

Light Microscopic Examination
a- Hematoxylin and Eosin stain

The paraffin blocks of lung tissues were prepared
according to standard methods!'? sections of 5 um
thickness were cut, and then stained with hematoxylin and

cosin (H&E) stain for histological assessment using light
microscopy (Leica ICC50W). Examination was done in
"the Image analysis unit of the Department of Anatomy and
Embryology, Faculty of Medicine, Zagazig University”.

b-Immunohistochemical stain

For immunohistochemical analysis deparaffinized and
hydrated sections were incubated for 20 min at 105 °C in
Citrate buffer (pH 6.0) for antigen retrieval of the following

1- Proliferating Cell Nuclear Antigen (PCNA)

PCNA is an intranuclear polypeptide that is involved
in DNA replication. Its synthesis and expression is linked
to cell proliferation. Immunohistochemical staining was
carried out using primary antiserum to PCNA To detect
PCNA Proliferating nuclei with monoclonal antibody
PC10 (Clone PC 10, DAKO A/S Denmark).

A mouse monoclonal antibody was applied in place of
the primary antibody to act as a negative control. Sections
from the intestne were used as a positive control. Then the
slides were counterstained with haematoxylint'?!.

2- Vascular Endothelial Growth Factor (VEGF)

VEGF is glycoprotein specific for angiogenesis. Its
recognition was done using a specific mouse monoclonal
antibody (conjugated streptavidin (Sigma). By using
streptavidin-biotin peroxidase method.

Immunohistochemical control was done by omitting
the primary antibody followed by incubation with the
secondary antibody only to detect any nonspecific binding.
Then the slides were stained with diaminobenzene (DAB)
as the chromogen and counterstained with hematoxylin as
previously described in literature!!¥). All stained slides were
examined by the light microscope (LEICA ICC50 W) and
analyzed in the Image Analysis Unit of the Anatomy and
Embryology Department, Zagazig University.

Morphometric analysis

After immunohistochemical staining with PCNA and
VEGF, the positive area’s percentage (areas stained with
brown color) was calculated' using microscopic images
captured at 400> magnification.

PCNA expression was analyzed by calculating the
area percentage of PCNA positive cells. Similarly, VEGF-
stained slides of all groups were studied to calculate the
area percentage of VEGF positive cells.

The images are splitting into RGB stacks, then the red
stack was adjusted to a threshold to mark it with a binary
mask. Then the percent area relative to the field was
calculated at the objective lens of 40x.

Statistical analysis

Continuous variables were represented by the mean =+
SD as the data showed normal distributions (parametric).
For checking the normality, the Kolmogorov-Smirnov
test was used. Testing the significant differences between
groups by using One-way ANOVA. Multiple comparisons
between groups were performed by Post hoc Tukey's test.
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At P < 0.05, the differences were considered significant.
All statistical comparisons were two-tailed. All statistical
analysis was done using Graph pad Prism software, version
5.0 (Graph Pad Software, San Diego, CA, USA)!®

Electron Microscopic Examination

Fixation of the small pieces of lungs of all groups in
3% glutaraldehyde-formaldehyde at 4 °C for 18-24 h,
rinsed in phosphate buffer, then post-fixed in 1% osmium
tetroxide, then dehydrated in a series of alcohols, cleared
in propylene oxide, and finally embedded in Epon epoxy
resin. After that, the blocks were trimmed and sectioned
with glass knives by an ultra-microtome. Semithin sections
(1 mm) were stained with toluidine blue and examined on a
light microscope to select the suitable area for the ultrathin
sections. Ultrathin sections (70-90 nm) were cut on the
same ultramicrotome and stained with uranyl acetate and
lead citrate!'”). The examination of the stained sections was
brought by Joel CX 100 transmission electron microscope
operated at an accelerating voltage of 60 kV.

RESULTS

Control and HT groups showed no significant
difference, so they considered as one group

Biochemical analysis

Evaluation of lipid peroxidation and antioxidant
enzyme activities

Regarding the MDA level, there was a significant
increase in the CYP-treated group (7.185+ 0.3583)
compared to the control group (4.380+ 0.5428). While
there was a significant reduction of MDA level in the
CYP+HT group (6.198+ 0.3755), however, its level was
still higher than that of the control group (P-value <0.05
each) (Figure la).

Additionally, there was a significant decrease in the
CAT level in the CYP-treated group (1.199+0.3451) than
in the control group (1.731+0.3209) (P-value <0.05).
There was a significant increase in the CAT level in the
CYP+HT group (1.536+0.08120) than in the CYP-treated
group (P-value <0.05) but without significant difference
with the control group (Figure 1b).

GSH level was significantly decreased in the CYP-
treated group (2.595+0.4603) than in the control group
(3.582+0.3952) (P-value <0.05). However, in the
CYP+HT group, there was a significant increase in
GSH (3.081+0.2801) than that in the CYP-treated group
(P-value <0.05) but without a significant difference from
the control group (Figure 1c).

Regarding the SOD level, in the CYP-treated group,
it was significantly decreased (1.292+ 0.2481) compared
to the control group (4.033+0.3416). While there was a
significant increase in the CYP+HT group (2.448+0.2483)
compared to the CYP-treated group, however, it still
revealed a significant difference from the control group
(P-value <0.05 each) (Figure 1d).

Histological Examination
Hematoxylin and Eosin stain

Examination of the control group by a light microscope
revealed the normal histological architecture of the lung
tissue. Several alveoli were found with thin interalveolar
septa (complete lry septum in between alveoli) and
many alveolar sacs separated by a secondary septum
(Figure 2a). The epithelial lining of the alveolar
walls; comprised squamous cells with flattened nuclei
(pneumocytes type I) and cuboidal cells with rounded
nuclei (pneumocytes type II) (Figure 2b).

In contrast, there was severe alveolar damage, in lung
tissue of CYP- treated group, in the form of thickened inter-
alveolar septa separating collapsed alveoli (Figures 3a,b).
Dilated congested blood vessels with thickened walls,
areas of exudate, erythrocytes extravasated within the
lumen of alveoli were also detected. Intrabronchial cellular
debris associated with RBCs appeared in most bronchioles
(Figure 3a), large areas of cellular infiltration, with massive
areas of hemorrhage and distorted bronchioles epithelial
lining (Figure 3c).

However, lung tissue of the CYP + HT group
regained inflation of most of the alveoli with obvious thin
interalveolar septa, which appeared thin in some areas
and mildly thickened in other areas. Bronchi regained its
apparent normal epithelial lining and nearly intact intima
of the blood vessels (Figure 4a). Pneumocytes type I with
flat nuclei lined the wall of the alveoli and pneumocytes
type II presented with rounded nuclei (Figure 4b).

Immunohistochemical analysis
1- Proliferating Cell Nuclear Antigen (PCNA)

Immunohistochemical expression of (PCNA) was
expressed in the nuclei with its characteristic nuclear
staining.

The mean PCNA expression showed marked variations
between different groups with a higher PCNA expression in
the CYP-treated group (Figure 5b) than in control (Figure
5a) and CYP+ HT groups (Figure 5c¢).

Using a morphometric Image J program, we measured
the percentage area of brownish color (PCNA expression).
A significant difference exists between the CYP-treated
group compared to the control group (P<0.01). However,
in the CYP+HT group, there was a significant reduction in
PCNA expression (P<0.01).

Despite there was an obvious improvement by adding
HT, PCNA expression was still higher in the CYP+HT
group than the control (P<0.05) (Figure 5d).

2- Vascular Endothelial Growth Factor (VEGF)

Immunohistochemical staining with anti-VEGF
antibodies localized VEGF peptide (microvascular
endothelial cells) throughout the lung parenchyma.

The mean VEGF expression showed marked variations
between different groups with a higher VEGF index in the
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CYP-treated group (Figure 6b) than in control (Figure 6a)
and CYP+HT groups (Figure 6¢).

Using a morphometric Image J program, we measured
the area percentage of brownish color (VEGF expression)
and found a significant difference between the CYP-
treated group compared to the control group (P<0.01). A
significant decrease in VEGF expression in the CYP+HT
group compared to the CYP-treated group (P<0.01).

Despite there was an obvious improvement by adding
HT, there was still a significant difference between the
CYP+HT group and the control (P<0.05) (Figure 6d).

Electron Microscope Examination

Ultrathin sections of the control group showed normal
inter-alveolar septa, as revealed by a single capillary layer
and few interstitial cells (Figure 7a). Pneumocyte type
II seemed cuboidal, and their nuclei were euchromatic
with short microvilli on the free cell surface. The typical
appearance of several lamellar bodies in the cytoplasm was
detected (Figure 7b).

In the CYP-treated group, thick inter-alveolar septa
appeared with many interstitial cells. Some cells had
euchromatic nuclei, and others showed apoptotic nuclei

-

B Cowrd gop
s B CYP reated group
B CYP+ HT treated group

-

nmoll g tnsue
. o

B Cowal group
- B CYP reated group
B CYP+ HT weated group

(Figure 8a). Type II pneumocytes appeared numerous;
many of which have an irregular outline with loss of
apical microvilli, damaged and empty irregular lamellar
bodies, which showed a disturbed architecture of many
of them, scattered vacuoles in the cytoplasm and irregular
nuclei (Figure 8b). A cluster of Eosinophils was noticed
with the accumulation of collagen fibers in the cytoplasm
(Figure 8c).

Inthe CYP+HT group, the inter-alveolar septa appeared
thinner than those in the CYP-treated group, (Figure 9a).
Restoration of type II pneumocyte structure was detected;
the cells had euchromatic nuclei with full lamellar bodies,
microvilli, and fewer collagen fibers in the cytoplasm
(Figure 9b).

In the control group, the air—blood barrier formed by
attenuated type I pneumocytes cytoplasm with a flattened
nucleus, fused basal laminae, and capillary endothelial
cell cytoplasm (Figure 10a). In the CYP-treated group,
there was a slight swelling of the cytoplasm of type 1
pneumocytes (Figure 10b), but in the CYP+HT group,
type I pneumocytes had regained their normal appearance
(Figure 10c).

b

CAT

I Corirol group
B3 CYP yealed goup
B CYP + HT trealed group

SOD

B control grovp
B3 CYP reated group
B CYP+ HT teated group

Fig. 1: Quantitative analysis of alterations in the oxidative/antioxidative markers in lung tissue of the different groups (control, CYP treated and CYP+HT)
a: MDA levels. b: CAT activity. ¢ GSH activity. d: SOD activity. Statistical analysis carried out using one-way ANOVA, and then by post hoc Tukey’s test.

Values were shown as mean + SD (n = 6).

*Significant difference compared with the control group, P < 0.05. #Significant difference compared with CYP treated group, P < 0.05.
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Fig. 2: Photomicrographs of the rat lung tissue of the control group showing (a) normal lung architecture with alveoli (alv), blood vessels (bv), and bronchioles
(br). Notice the thin interalveolar septa (long thin arrow) and 2ry septum (short thick arrow). (b) higher magnification showing alveolar sacs (AS), flat
squamous type I pneumocytes (P1) and the cuboidal type Il pneumocytes (P2) lining the alveoli. Notice 1ry septa (long thin arrow) and 2ry septum (short thick

arrow). Scale bar, a: 200 umx100; b: 50 pmx400

Fig. 3: Photomicrographs of the rat lung of the CYP- treated group showing (a): disturbed normal architecture with thick interalveolar septa (arrows). Congested

and dilated blood vessels (bv), interstitial exudate (Ex) and intrabronchial cellula

r debris can be observed. (b) Higher power showing thick interalveolar septa

(arrows) with narrowing of the alveolar sacs (AS). (¢) Other image showing large cellular infiltration (inf) and disturbed mucosal lining of the bronchus

(arrowheads) with massive hemorrhage (hge). Scale bar, a, ¢: 200 pmx100; b: 50

nmx400
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Fig. 4: Photomicrographs of the rat lung of the CYP+HT group showing (a) Restoring the normal architecture of the lung with bronchioles (br) has normal
mucosal lining (br) as well as a nearby vessel with nearly intact intima (bv), thin Iry interalveolar septum (long thin arrow) and 2ry interalveolar septa (short
thick arrow) separating the alveolar sacs (AS) with variable thickness. (b) alveoli (alv), thin Iry interalveolar septum (long thin arrow) and less marked
thickness of 2ry interalveolar septa (short thick arrow) separating the alveolar sacs (AS). Flat squamous type I pneumocytes (P1) and the cuboidal type II
pneumocytes (P2) lining the alveoli. Scale bar, a: 200 pmx100; b: 50 umx400

-

ER Control group
B3 CYP treated group
B CYP + HT treated group

Area perecent % of PCHA expression

o

Fig. 5: Photomicrographs of PCNA immunohistochemical staining of rat lung tissue in the different groups, a) Control group reveals a weak reaction with few
numbers of PCNA positive cells (arrow). b) CYP-treated group reveals strong reaction with an abundant amount of PCNA positive cells (arrows). ¢) CYP+HT
group reveals moderate reaction with a minimal number of PCNA positive cells (arrows). Scale bar, 50 umx400 d) Bar chart of PCNA area percentage in
different experimental groups (control, CYP-treated, and CYP+HT).

* Significant difference compared to the control group.
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Fig. 6: Photomicrographs of VEGF immunohistochemical staining of rat lung tissue in the different groups, a) Control group reveals weak reaction with few
numbers of VEGF positive cells (arrows). b) CYP-treated group reveals strong reaction with an abundant amount of VEGF positive cells (arrows). ¢) CYP+HT
group reveals moderate reaction with a minimal number of VEGF positive cells (arrows). Scale bar, 50 umx400 d) Bar chart of VEGF area percentage in
different experimental groups (control, CYP-treated, and CYP+HT group).

* Significant difference compared to the control group.

# Significant difference compared to CYP-treated group.

. 5 T R K i
Fig. 7: Transmission electron micrographs of a section in rat lung tissue of the control group showing (a) Thin (red line) interalveolar septum (arrow) separate
the alveolar sacs (AS) with blood capillaries (C) on one side. Few interstitial cells can be seen (ic). (b) Type 1I pneumocyte (p2) with large euchromatic nuclei
(N) and full lamellar bodies (Lb). Few apical microvilli (mv) can be noticed a: TEM, x 6000; b: TEM,x 10000 .
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Fig. 8: Transmission electron micrographs of a section in rat lung tissue of CYP-treated group showing: (a) Thick interalveolar septum that has many
interstitial cells (IC) with irregular nuclei (N) and numerous vacuoles (V). Many collagen fibers are also noticed (arrow). (b) Type 1I pneumocyte (p2) is
detected with irregular heterochromatic nucleus (N) and numerous vacuoles (V) ( empty lamellar bodies) in its cytoplasm. Many collagen fibers can be noticed
(arrow). (¢) Another section in the interstitial septum showing aggregation of eosinophils (EIS) with numerous vacuoles (V). Many collagen fibers are also seen
(arrows). a: TEM, x 5000, b: TEM, x 10000 c¢: TEM, x 12000
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Fig. 9: Transmission electron micrographs of a section in rat lung tissue of the CYP+HT group showing (a) Apparently inter-alveolar septa that have few
numbers of interstitial cells (ic) . Type II pneumocyte with euchromatic nuclei (N), lamellar bodies (Lb), and microvilli (MV) can be observed. (b) Higher
magnification showing type II pneumocyte structure (p2) with euchromatic nucleus (N). Apical microvilli (mv) can be noticed. Some lamellar bodies (Lb)
are full and the others are still empty (ELb). Some absorbed lamellar bodies leave empty vacuoles (V) in the cytoplasm. a: TEM, x 5000; b: TEM, x 12000

b
TiHHag « HEHE

Fig. 10: Transmission electron micrographs of air—blood barrier of rat lung tissue in the different groups showing a) Control group reveals the air-blood barrier
formed of attenuated pneumocytes type I cytoplasm (P1), fused basal laminae (arrow), and cytoplasm (C) of capillary endothelial cells (E). b) CYP-treated
group reveals irregular air-blood barrier that has irregular swollen cytoplasm (C) of pneumocytes type I (P1) with separated basal lamina (arrow). ¢) CYP+HT
group reveals nearly normal air-blood barrier. a, b, c: TEM, x 30000
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DISCUSSION

In this study, the noxious effect of CYP on rat
lung structure, and the protective effect of HT were
investigated. Marked toxicity of the lung appeared at
different biochemical, histological by light and electron
microscopes as well as, immunohistochemical levels.

In this study, we used CYP pesticide due to its wide
use for agricultural and household purposes, the easy
accessibility of this pesticide with increased risk of suicidal,
homicidal, and accidental performances, its persistence
in the air and on surfaces for about 3 months, and the
absence of antidote that makes it lethal upon dermal or oral
exposure. All these characteristics make CYP present a
challenge to public health in many countries!'3!%),

Oxidative stress in rat lungs induced by CYP exposure
causes a significant rise in lipid peroxidation, namely,
MDA. CAT and SOD are consumed in the neutralization of
CYP-induced ROS generation evidenced by the reduction
in their activities. The lungs of the CYP-treated group
presented ultrastructural changes with cellular damage and
abnormal cellular proliferation.

Upon the addition of HT as a protective agent,
CYP+HT-treated group, most of the alveoli regained their
normal distended appearance, the bronchi regained also its
obvious normal epithelial lining and intact intima of the
blood vessels.

Improvement of biochemical parameters was detected
with the decrease of oxidative stress by HT addition, which
proves its strong antioxidant effect.

In this study, PCNA revealed cellular infiltration and
VEGF proved the occurrence of vascular angiogenesis,
in the CYP-treated group compared to the control and
CYP+HT groups. The immunohistochemical study shows
that mean PCNA and VEGF expression was highly
significant in the CYP-treated group than in the CYP
+HT one. Using morphometry for immunohistochemical
sections, we found significantly fewer positive cells in the
CYP+HT group compared to the CYP-treated group.

CYP exerts its effect in 2 ways; it induces oxidative
stress through the generation of ROS, or by accumulation
in the cell membrane disturbing its composition by its
hydrophobic nature?”,

In animal models, CYP prompts mitochondrial
dysfunction and oxidative stress evidenced by elevated
oxidative stress markers and decreased antioxidant
activities®. It has also been proven to increase the
apoptotic index in the liver of rats, but the information is
still scarce on its inflammatory effect?.

In this study, the elevation in MDA level in the lungs
indicated CYP-induced lipid peroxidation causing tissue
injury. The lipophilic nature of CYP enables it to pass
easily through the lipid bilayer and disturb cell integrity!*!.
These observations are matched with previous studies?¥
that found that CYP causes a significant elevation in the

lung MDA level that in turn be considered an oxidative
stress marker.

Moreover, in the current study, treatment with CYP was
significantly decreased glutathione (GSH) levels in the lung
tissue. Reduced GSH (an antioxidant) works by hunting
ROS and xenobiotic detoxification, thus plays a vital role
in cellular protection against free radicalsi?’!. Additionally,
GSH acts as a substrate for glutathione peroxidase and
glutathione-S-transferase. Oxidative stress is caused by a
reduction or deficiency in antioxidants. CYP-induced GSH
depletion raises the possibility of lipid peroxidation as a
mechanism of CYP-induced toxicity®”. GSH depletion
also indicates cellular degeneration!®].

SOD and CAT play a primary role in the toxicity
induced by mediating oxygen metabolism. The decrease in
the SOD activity indicates its use in hunting the superoxide
radicals. The CAT neutralizes the H,O, produced by the
SOD catalyzed dismutation of the superoxide anion. An
increased level of superoxide radicals inhibits the activity
of CAT. Additionally, the reduction in CAT activity during
CYP toxicity is caused by lipid peroxidation®”). The above-
mentioned changes are due to the direct effect of CYP
or induced by CYP-generated free radicals during their
degradation®®. However, another study™® found that CYP
increases SOD levels in the liver and kidney tissue. They
explained the differences in results, by the difference in
the CYP formulation between their study and those used
in other studies. Besides, the difference in the duration and
routes of exposure could be another cause of these different
results.

HT reduces the previous changes caused by CYP
confirming its anti-inflammatory and antioxidant
propertiest?. In the present study, the protective role of HT
appears through the improvement of oxidative parameters
in the CYP+HT group.

The histopathological results of the CYP-treated
group revealed an abnormal organization of the lung
tissue in the form of marked narrowing of alveolar spaces,
thickening of alveolar septa, diffuse cellular infiltrates,
and inflammatory cells, blood congestion in pulmonary
vessels, and thickening of interalveolar septa. These
results, which support cellular infiltration resembling
the early cancer stages, are concomitant with previous
studies?**'32, However, these results differ from those
of previous studies®®), which revealed CYP- induced
cellular necrosis and destruction of lung tissue in the form
of marked dilatation in alveolar spaces and destruction of
interalveolar septa.

The administration of HT with CYP proved
histopathological changes and regained alveolar inflation.
HT also significantly attenuated pulmonary edema and
inflammatory cell infiltration into lung tissue. This is
because HT has various pharmacological and biological
activities, including anti-inflammatory and antioxidant
effects that significantly inhibit tumor growth and
angiogenesist*¥
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Besides, HT can induce apoptosis, which counteracts
cellular infiltration*

In the immunohistochemical study, we used PCNA
to assess cellular infiltration and VEGF for increased
angiogenesis. Many studies have been conducted to
evaluate cellular proliferation and increase angiogenesis
by measuring the expression of PCNA and VEGFF537),
PCNA is essential for DNA replication and repair, and cell
growth and survival®l. PCNA is a proliferation marker
and produced by rapidly proliferating cells such as cancer
cells. It degrades rapidly when these cells start the non-
proliferative phasel*®l. The increase in PCNA index in the
CYP-treated group and its decrease with the CYP-HT
group indicate that CYP causes cellular infiltration, while
HT reverses such infiltration. VEGF is a cytokine that
stimulates angiogenesis during embryonic development
and in tumor growth!"). It has an essential role in the
control of cellular angiogenesis and controlling cellular
proliferation and permeability?®®. It increases in the case
of hypoxial*®!

VEGF increased in the CYP-treated group, confirming
the role of CYP in damaging the lung tissue through cellular
infiltration. However, VEGF decreases with apoptosist®l.
This last effect occurred upon the addition of HT.

On the ultrastructural level, lung tissue of the CYP-
treated group demonstrated markedly disturbed architecture
of the alveoli and lung parenchyma. These findings are
concordant with the findings of a previous study!®, which
confirmed that treatment with CYP at repeated oral doses
of 5 and 20 mg/kg/day for 30 days produces thickening of
alveolar septa in the lungs.

Ultrastructural findings in the current work showed
an improvement of the alveoli of rats that were fed with
HT and CYP together compared to those took CYP alone.
The antioxidant effect of HT is playing a significant role
in protecting cells against oxidative stress and degradation
caused by free radicals?’!,

Administration of HT with CYP improves
histopathological changes and regains alveolar inflation
and reverses cypermethrin-induced cellular infiltration. It
also improves biochemical changes and oxidative stress as
it has a significant antioxidant effect!*4?],

HT has several pharmacological and biological
activities, including anti-inflammatory, antioxidant, and
its ability to inhibit tumor growth and angiogenesis. HT
also has a great role in cardiovascular protection. Another
protective role of HT is to induce apoptosis, which
counteracts cellular infiltration!>4.

CONCLUSION

Our experimental results indicated that administration
of HT counteracted most of the harmful histological lung
alterations induced by CYP. Therefore, it is recommended
to minimize home utilization of CYP and to perform further
studies to guide human use of HT for exposed persons.
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