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Abstract

Introduction: Chromium [Cr (VI)] was considered as one of the most famous cytotoxic environmental pollutants. It was believed to be a health
harmful agent in cumulative way. Natural Propolis was thought to possess anti-inflammatory, anti-cytotoxic, and antioxidant abilities.

Objective: The purpose of this study was to assess Propolis' ability to protect rats' lungs from chromium-induced lung damage.

Material and Methods: Four equal groups of twenty-four adult male albino rats were established: Group I: served as control received normal
saline. Group Il (Propolis group): treated with 50 mg/kg/day of Propolis orally through gastric tube for four weeks. Group Il [Sodium Dichromate
Cr (V1) group]: received sodium dichromate intraperitoneal (i.p.) over eight days, at dosages of 12 mg/kg every day. Group IV were pretreated
with Propolis for four weeks before administration of Sodium Dichromate Cr (V1) for eight sequential days at previous mentioned doses. At the
end of experiment the animals were sacrificed after anesthesia and their lungs were removed and processed for biochemical, histological, and
immunohistochemical investigations.

Results: Sodium dichromate Cr (V1) produced distortion of bronchial mucosa, inflammatory cellular infiltration, and congestion of blood vessels.
Biochemical markers showed significant induction of malondialdehyde (MDA) levels indicating lipid peroxidation, significant decrease of
glutathione (GSH) and superoxide dismutase (SOD) levels indicating oxidative effect in group 111 in contrast to the control group. The total area
percentage of collagen fibers and the positive caspase-3 immunostained cells were significantly considerably higher in group 111 when compared
to the control group. The administration of Propolis showed obvious improvement of these pulmonary alterations.

Conclusion: Exposure to Cr (V1) induced lung intoxication in the form of structural changes of the lung tissue. Collectively, the present study
suggested that Propolis allows pulmonary protection against the inflammation and apoptosis caused by Chromium.

Key words: Propolis, Chromium, Lung toxicity.

Introduction

A heavy metal that is naturally found in the environment is Chromium. The hexavalent chromium compounds [sodium dichromate
Cr (VI)] despite being extremely harmful, it typically used in various industries (1&2). Cr (V1) in small amounts enters the body
through the gastrointestinal system, lungs, and skin. Long-term exposure to this metal is linked to serious harm to the kidneys, liver,
intestinal tract, respiratory system, and the heart (3&4). Both human cytotoxicity and genotoxicity of this component have been
described by Li et al 5. Mice that consume large amounts of Cr (V1) in water over time develop intestinal adenomas and carcinomas.
After only one week of exposure, it damages the intestinal villi, and inducing crypt hyperplasia in mice (3& 6). Kumar and
Gangwar, 7 reported that Cr (V1) caused hepatocellular and renal injuries. Liver and kidney’s oxidative stress and lipid peroxidation
(LP) caused by exposure to Cr (V1) in rats has been reported (8). In liver studies, Xiao et al., 8 shown that Cr (VI) also caused
mitochondrial damage (8). The respiratory system was primarily impacted by the Chromium inhaled. In both people and animals,
exposure to it increases the risk of pulmonary damage (4, 9 &10). Cr (V1) has the potential to worsen the antioxidant defense system,
according to Asatiani et al., 1*. Although the specific role of Cr (VI) compounds in pulmonary toxicity is unknown, chromates are
quickly absorbed by cells and converted into reactive Cr species, which may also result in the production of reactive oxygen species
(ROS) (11&12). Rapid intracellular conversion of Cr (V1) to Cr (I11) results in apoptotic alterations via several routes (11& 12).
Interestingly there is a commercial attention of Propolis usage due to its therapeutic potentiality in a variety of diseases such as
diabetes, skin wounds, gastrointestinal and cardiovascular disease (13). Propolis is regarded as an antioxidant, antibacterial, and
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anti-inflammatory component. It modulates the immune system and has topical anesthetic influence and the ability to improve
wound healing process. It decreases the prevalence of dental caries (14). Its anti-inflammatory ability is due to its modulation of
cytokines and inflammatory mediators and inhibiting the production of prostaglandins (14). Propolis reduces vascular permeability
via restraining the mast cells releasing power of histamine (15). Propolis is believed to be a source rich in natural antioxidants and
used as a protective component against many free radical-associated degenerative diseases. Its antioxidant ability is achieved by
reducing malondialdehyde (MDA\) levels and inducing glutathione peroxidase (GPx) and superoxide dismutase (SOD) levels. Also,
caffeic acid phenethylester (CAPE), a propolis component reduces cellular apoptosis by restricting the productions of caspase-3,
nitric oxide synthase and cytochrome C (16).

Materials and methods

Drugs and chemicals

Sodium dichromate: obtained from Sigma-Aldrich Chemical Co. (USA).
Propolis purchased from Shana Honey Company in Egypt in a package of five grams of powder. Fifty milliliters of distilled water
were used to dissolve the powder, and each milliliter contained 50 milligrams of Propolis.

Animals

Twenty-four adult male albino rats weighing between 150 and 200 grams were chosen for this study. They were obtained from the
Animal House at Cairo University's Faculty of Medicine and were handled according to the standard instructions of Institutional
Animal Care and Use Committee. In the animal house, the animals were acclimated for two weeks before commencing the
experiment. They were provided with unlimited access to standard food and water while being housed in cages with standard
laboratory and environmental conditions.

Experimental design
The animals were haphazardly divided into four equal groups, 6 rats/ cage and treated as follows:
Group I: The control group was given an oral dose of 0.9% saline solution.

Group 11 (Propolis group): for four weeks, Propolis was administered orally via gastric tube at a dose of 50 mg/kg/day (17).

Group Il [Sodium Dichromate Cr (V1)]: Received sodium dichromate Cr (V1) intraperitoneal (i.p.) at dose of 12 mg/kg/day, for
eight days (18).

Group IV: (sodium dichromate + Propolis) pretreated with Propolis for four weeks before administration of Cr (VI) for eight
consecutive days at previous mentioned doses.

Lastly, a local anesthetic cream was applied to the animals’ abdominal skin 30 minutes before the scarification; the animal has i.p.
injection of a lethal dose of phenobarbitone sodium (80ug/kg). The lungs were dissected, and the right lungs were prepared for
histological examination while the left lungs allowed for biochemical study.

Biochemical analysis:

MDA (lipid peroxidation marker), GSH and SOD (antioxidant enzymes) were assessed consuming commercially available ELISA
kits accepting the manufacturer's instructions (19).

Histopathological study

After immediately fixed the lung specimens in 10% buffered formalin for approximately for three hours, the specimens were washed,
dehydrated and then overnight embedded in liquid paraffin wax to make paraffin blocks, afterward by the microtome steel knife,
sections of S5um thickness were obtained then fixed on glass slides (20). The sections were consumed for histological study using
Hematoxylin and eosin (H&E), Masson’s trichrome staining and immunohistochemical study.

Immunohistochemical Study

The staining of the immunohistochemistry was carried out using the streptavidin-biotin-peroxidase technique (21). To identify
cellular apoptosis, a 1/1000 dilution of an anti-caspase-3 rat monoclonal primary antibody (Dako Cytomation, Heverlee, Belgium)
was used as a marker. Subsequently, the sections underwent deparaffinization, hydrated and washed in phosphate buffer saline
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(PBS). Peroxidase blocking solution was used to block peroxidase then washed in tri-buffer saline (TBS). After that, the sections
were treated with Caspase-3 (1:200) diluted primary antibodies. Sections are then washed in buffer and incubated with biotinylated
goat anti-rabbit secondary antibodies for a further half an hour. Adding diaminobenzidine tetra hydrochloride (DAB) in distilled
water for about five to ten minutes was done. Finally, the slides were then cleaned with xylene, dehydrated with increasing alcohol
concentrations, and counterstained with Mayer's hematoxylin. As a positive control for active Caspase-3, tonsils were used.

Morphometric study

Quantitative data were exhibited using the Leica Qwin 500 Image Analyzer software system (National Institute of Mental Health,
Bethesda, Maryland, USA). The sections were assessed using a standard measuring frame of 11694 um2, for the known area. The
final step of analysis was the abstraction of quantitative information from images. For every animal group, the parameters were
inspected using an X40 objective lens in ten non-overlapping fields: (1) the thickness of the inter-alveolar septa (2) the percentage
of the total area of collagen fibers within the Masson’s trichrome-stained sections. (3) The immunoreactive positive cells in caspase-
3-stained sections.

Statistical analysis

Microsoft Excel worksheet from 2010 was used to state the biochemical levels as well as the numerical data from the morphometr
ic investigation. The Statistical Program for Social Sciences (SPSS) version 21.0 (IBM Corporation, Somers, NY, USA) was used
to carry out the statistical analysis. The means + standard deviation (SD) was displayed for the results. The statistical assessment
was carried out using one-way evaluation of variance (ANOVA). Through the investigation, significance was determined when the
p-value was less than 0.05.

Results

Biochemical results

Illustrated in (Tab.1) and (Fig.1: a, b, c), In comparison to the controls, group Il (Propolis group) had insignificant changes in
MDA, GSH, and SOD levels (P>0.05). Group III (Sodium dichromate treated group) exhibited a significant decrease in the levels
of GSH and SOD and a significant increase in the level of MDA as compared to the control group, representing lipid peroxidation
and oxidative pulmonary injury. Additionally, as compared to group IlI, group 1V (sodium dichromate + Propolis) showed a
substantial decrease in MDA levels and a significant increase in antioxidant enzyme levels (P<0.05), indicating the antioxidant
capabilities of Propolis.

Histological results

The H&E-stained sections of both groups I, 1l (control, Propolis groups) respectively were the same and presented normal
histological picture of the lung tissue. The sections revealed the alveoli of variable sizes, alveolar sacs where many alveoli open
into, bronchioles and blood vessels. The alveoli were separated by thin inter-alveolar septa, lined by two types of cells; type |
pneumocytes which are flattened squamous cells, and type Il pneumocytes which are cuboidal cells. (Fig.2: A, B, C and D).

Group I (Sodium dichromate treated group) revealed histological changes comparable to control group. There were visible
congested blood vessels and collapsed alveoli. Cellular debris was seen in the lumen of the disturbed bronchiolar epithelium. There
was evidence of inter-alveolar septal thickening. Perivascular fibrosis, extravagated blood cells, and inflammatory mononuclear
infiltration were seen. (Fig.3: E and F).

Alveolar tissue in Group 1V (Propolis and sodium dichromate-treated group) appeared fairly normal. Although regions of some
mononuclear infiltration remained, there was a relative decrease in the thickness of the inter-alveolar septa. Alveoli with wide
spaces, lined by type I and type Il pneumocytes were observed (Fig.4: G and H).

Masson’s trichrome staining sections in both groups I, 11 (control, Propolis groups) presented normal appearance of collagen fibers
arrangement surrounding the walls of bronchiole and blood vessels (Fig.5: A and B). Although group 11, (sodium dichromate
treated group) presented dense collagen fibers deposition surrounding the bronchioles and blood vessels (Fig.5: C and D).
Furthermore, group 1V (Propolis and sodium dichromate-treated group) showed a reduction of collagen fibers aggregation encircling
the bronchiole (Fig.6: E and F).

Regarding lung sections immunostained with caspase-3, both groups | and Il (control and Propolis groups) revealed negative
immune reactions in the lung tissue (Fig. 7: A and B). While group I11, which received treatment with sodium dichromate, showed
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obvious evidence of apoptotic alterations with significant positive cytoplasmic caspase-3 immune expression (Fig. 7:C).
Furthermore, group IV (which received Propolis plus sodium dichromate treatment) showed minimal caspase-3 expression in lung

tissue (Fig. 7: D).

Morphometric and Statistical results

Parameters results in (Tab.2) and (Fig.8: a), revealed that group 111 (sodium dichromate treated group) displayed significant increase
in the thickness of the inter-alveolar septa (P<0.001) as compared with the control and Propolis groups. However, group 1V (Propolis
and Sodium dichromate-treated group) revealed significant changes as compared with (group I11) sodium dichromate treated rats.

Parameters results in (Tab.2) and (Fig.8: b), exhibited that group 111 (sodium dichromate treated group) demonstrated significant
increase in the mean area % of collagen fibers aggregation comparable to both group I and Il (P<0.001). Instead, group 1V (Propolis
and sodium dichromate-treated group) exhibited a significant regression in the mean area % of collagen fibers aggregation
comparable to group IlI.

The area % of Caspase-3 immunoreactive expression in stained sections (Tab.2) and (Fig.8: c), there was a significant induction in
the expression area was observed in groups Il (sodium dichromate treated group) as compared to groups | and Il. However, in the
group IV (Propolis and sodium dichromate-treated group) there was a significant decline in expression area comparable to group
1.

Table 1: the biochemical enzymatic activities in all groups

Variable Group | Group Il Group I Group IV
MDA (nmol/ml) | 9.81+0.2 10.81+0.2 16.56+1.3* 12.57+0.4#
GSH-px 46.8+6.4 48.816.4 13.6+2.6* 41.047.5#
(mU/mL)
SOD (U/ml) 132.6+1.7 133.6+1.7 78.64+6.1* 127.0+4.7#

Data were expressed as Mean + SD, p value <0.05 was significant, (*) Denotes significant difference versus Group | and 11, (#)
Denotes significant difference versus Group IlI.
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Fig. (1): Enzymatic activity of a: MDA (nmol/ml), b: GSH-px (Mu/ML) AND c: SOD (U/ml) in lung tissue of all studied groups.
(*) Denotes significant difference versus Group | and I, (#) Denotes significant difference versus Group Ill.
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Fig. (2): H&E-stained sections of lung tissue. Both A and B Photomicrographs of lung sections from control group revealing alveoli
(a), alveolar sacs (A), inter alveolar septa (1AS) blood vessel (BV) and a bronchiole (B) lined by columnar cells. Both C and D
Photomicrographs of lung sections from Propolis group Il that almost match the findings from the control group.
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Fig. (3): H&E-stained sections of lung tissue. Both E and F Photomicrographs of lung sections from sodium dichromate group il
illustrating the disruption of the wall and compression of the alveoli and alveolar sacs by a mononuclear aggregate (MA). Notice
the distinct thickening of the IAS (arrows), extravasated RBCs (C) in some alveoli, and congested blood vessels (BV).
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Fig. (4): H&E-stained sections of lung tissue. Both G and H Photomicrographs of lung sections from group 1V (Propolis plus
Sodium dichromate) displaying a bronchus with few shed epithelial cells (B) in the lumen and congested vessels (BV). Some 1AS
(arrows) exhibited thickening, and some mononuclear infiltrating cells were observed.
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Fig. (5): Masson's trichrome stained lung sections. Both A and B lung sections from control group | and Propolis group Il
respectively showing few fine collagen fibers in the IAS (arrows) and in the adventitia of blood vessels (curved arrows). Both C
and D lung sections from sodium dichromate group 11 illustrating deposition of numerous dense collagen fibers in thickened 1AS
(black arrows), in the adventitia of bronchioles (red arrow), in addition to that of congested blood vessels (curved arrows).
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Fig. (6): Masson's trichrome stained lung sections. Both E and F lung sections from group IV (Propolis plus Sodium dichromate)
showing some tiny collagen fibers in the 1AS (black arrows) in the adventitia of blood vessels (curved arrows) in a bronchiole
adventitia (red arrow) and in that of congested blood vessels (curved arrows).
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Fig. (7): Caspase-3 immunostained sections of lung tissue. A and B: the control group | and the Propolis group Il respectively
showing almost the same finding of normal immuno-expression of Caspase-3. C: sodium dichromate group Il showing marked
increase in Caspase-3 immunostaining particular in thickened interstitial tissue and numerous pneumocytes (arrows). D: group 1V
(Propolis plus Sodium dichromate) showing mild Caspase-3 immunostaining in pneumocytes in (arrows).

Table (2) the histomorphometric parameters in all groups:

Variable Group | Group |1 Group 111 Group IV

Thickness of 90.7+1.0 92.5+2.0 363.4+4.6* 115.745.4 *#
interalveolar

septum (um)

Masson's 3.7+0.232 2.5+0.145 12.2+0511* 5.5 + 0.523*#
trichrome Mean
area %

Caspase 3 1.5+0.412 2.3+0.2721 16.8 + 0.7 22* 9.5 + 0.514*#
Mean area %

Data were expressed as Mean + SD, p value <0.05 was significant, (*) Denotes significant difference versus Group | and I, (#)
Denotes significant difference versus Group I11.
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Fig. (8): a: Thickness of interalveolar septum (um), b: Masson's trichrome Mean area %, and c: Caspase 3 Mean area
% in lung tissue of all studied groups. (*) Denotes significant difference versus Group | and I1, (#) Denotes significant
difference versus Group Il1.

Discussion:

Currently materials containing Chromium are consumed in numerous industrial and chemical processes. This occupational contact
to hexavalent chromium caused health hazards as one Chromium compound can manufacture sodium dichromate which has harmful
consequences and produces ROS (22). Owing to the inequity between oxidation and antioxidant protections, sodium dichromate is
known to be one of the pulmonary cytotoxic agents, causing alveolar matrix structure modification via the oxidative effect (7). The
link between oxidative stress and the tissue toxicity initiated by contact to hexavalent Chromium indicates that using the antioxidant
agents might diminish the toxicity of chromate-induced (23).
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Presently the Propolis is widely consumed, due to its effects on many inflammatory responses, immunity and oxidative stress (23).
The aim of this study was to discover a natural protective supplement to protect the lung tissue against damage and toxicity caused
by sodium dichromate.

In the current study, the tissue oxidation and the apoptotic effects were detected after administration of sodium dichromate. These
consequences were assessed by many methods such as histopathological, immunochistochemical and biochemical analysis.

In the current research, the group of animals treated with sodium dichromate developed significantly reduction in the antioxidant
markers; GSH and SOD and significantly induction of the lipid peroxidation marker; MDA comparing to the control and Propolis
only treated groups that obviously demonstrating pulmonary injury by lipid peroxidation, tissue oxidation. It was evidenced that a
reduction of the activity of the measured antioxidant enzymes results in agreement with Navya et al %,

According to our conclusions, Bosgelmez and Guivendik 2 established that in drinking water the presence of Cr (V1) could decrease
the antioxidant enzymes synthesis and activation (24). Harmonized with our results, Caglieri et al 2 and Ambreen et al % stated
that the workers exposed to Cr (V1) had numerous cutaneous, pulmonary diseases plus changes in oxidative stress parameters (2,
25).

Contrary to our results, Soudani et al *° stated that, the lung tissue did not show induction of oxidative stress as there were minimal
tissue alterations. The later claimed that to the Cr (V1) concentration and the exposure route (19).

Iztleuov et al 6 supported our results as the consuming of the Boron compound to antagonize the toxicity and physio-biochemical
alternations of Chromium VI that related to bronchopulmonary (26). In another investigation, Iztleuov 2 and his team declared the
disturbance balance of the oxidant and antioxidant and increase ROS production due to the reduction of Chromium VI to Chromium
I11 intracellular using Fenton reaction (27, 28).

In the current research, group 111 (sodium dichromate treated group) the lung tissue developed structural disrupt collapsed alveoli
beside compensatory dilation of other alveoli. Also, the results showed congested blood vessels, injured bronchiolar epithelium with
present of cellular debris in the lumen, the inter-alveolar septa are thickened, and inflammatory cellular infiltration were noticed.
These outcomes were in harmony with the findings of Soudani et al ** and Marat et al 2 who focused on the pathological outcome
of Chromium on the lung in rats (19, 23, 28).

These pulmonary alterations could associate to the oxidative status, formation of ROS and excess generation of free radicals which
are cytotoxic elements that damage cellular proteins, DNA and membrane lipids preceding to apoptosis and cell death, as described
before (29, 30).

These elaborations of free radicals and ROS are owed to the oxidative condition produced by Chromium cause induction of
proinflammatory cytokines that were directed to the harmful inflammatory changes discovered in the lung tissue in this research.
These former findings were in accordance with research by (30, 31).

In the present study, in group 11 the significantly thickened interalveolar septa compared with the control and Propolis groups might
the cause of excess infiltration of inflammatory cells such as macrophages and neutrophils, proved previously by (18, 31). The
former authors stated that the Chromium encourage releasing of inflammatory cytokines, and their accumulation in the interalveolar
septa.

In the current work, exposure to sodium dichromate caused significant increase deposition of collagen fibers surrounding the
bronchioles, blood vessels and within the alveolar wall clearly detected in Masson’s trichrome stained sections comparable with
control and Propolis groups. These outcomes were in harmony with Schneider et al 32 who proved that the inflammatory response
caused by Chromium consequences to activation of fibroblast and collagen deposition (32).

In the present work, apoptotic lung cells were noticed in group Il (sodium dichromate). This finding was harmonized with the
results of immunohistochemical assay as there was a significant increase in area percentage of the cellular expression of Caspase-3
which was in comparable to both control and Propolis groups. These findings were settled in previous studies by (33, 34). Exposure
to Chromium increases Caspase 3 cellular expression, directing change in the permeability of mitochondrial membrane, following
discharge of cytochrome c into cytosol and Caspase stimulation which on top directs to cellular apoptosis (35). Besides that, the
oxidative stress headed to the cellular homeostasis disturbance with incidence of cellular degeneration and apoptosis. Consequently,
the search for drugs based on substances with antioxidant impact is a basis for the protection and treatment of Chromium pulmonary
intoxication.
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In this study, group IV treated with Propolis showed obvious improvement in the biochemical, histological and immune-
histochemical results. This means that the Propolis has a possible protective role against Chromium pulmonary intoxication. These
discoveries were comparable to earlier research that expected that Propolis has a protective role against lung toxicity (36).

Propolis is one of the most hopeful natural supplements, with both curative and protective properties with no side effects. In
agreement with the current work, Korish and Arafa 3" and Araujo et al * established that Propolis has anti-inflammatory properties
against both acute and chronic inflammatory conditions when used in vitro and in vivo. The last authors (37) provided evidence for
Propolis anti-inflammatory properties by demonstrating that it prevents neutrophil penetration and deactivates pro-inflammatory
cytokines.

Propolis performances as anti-inflammatory and immunomodulatory agent by decreasing neutrophil infiltration, inhibiting
proinflammatory cytokines, all of which imitate the immune defense (15). Moreover, Propolis has a potent antioxidant role by
declining the cellular lipid peroxidation that was shown in this study by reducing MDA level and inducing both SOD and GSH
enzymes, besides it inhibits these enzymes from leaking through cellular membranes so that it was considered as a powerful ROS
scavenger. Other scientists investigated the role of Propolis in decreasing nitric oxide and hydrogen peroxide levels that performance
an important role in cellular death. They further claimed that additional substances, such as caffeic acid phenethyl ester (CAPE),
which prevents the production of reactive oxygen species (ROS) in numerous systems, might be granted the antioxidant effect of
Propolis (16, 38, 39).

Formerly some researchers established that Propolis modulates the process of fibrosis induced by TGF-1 cytokine (40). Propolis
stops apoptosis and processing of cell death by inhibiting nitric oxide synthase, cytochrome C and caspase-3 productions. Many
researchers documented the same consequences and demanded this activity to as a component of Propolis (13).

Conclusion

Propolis is a natural product with anti-inflammatory, antioxidant and anti-cytotoxic activities that have a fundamental protective
role against the harmful exposure to Chromium in lung tissue.
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