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Abstract: Sulfur Dioxide (SO.) is an atmospheric contaminant known for its harmful effects on various
organs. Chamomile, traditionally used for several years, has shown efficacy in treating and alleviating
various disorders due to its antioxidant properties. This study aims to examine the prophylactic effect of
Chamomile extract on mice exposed to sulfur dioxide. Four groups of Balb/c mice (n=9 per group) were
used. Group 1 received no treatment (control); Group 2 was given Chamomile extract orally at 200
mg/kg body weight for 14 days; Group 3 was exposed to SO, (sodium sulfite and sodium bisulfite, 3:1
ratio) via intraperitoneal injection at 690 mg/kg for 7 days; Group 4 received Chamomile for 7 days
before co-administration with SO, for an additional 7 days. After treatment, blood was collected and the
liver, brain, and lungs were harvested for histological and biochemical analyses. SO, exposure elevated
liver enzymes and malondialdehyde levels, reduced SOD and CA'T activity, and caused lung histological
damage without brain alterations. Chamomile extract significantly alleviated these effects. Chamomile
shows preventive effects against SO.-induced damage, supporting its use as a protective agent against
environmental contaminants.
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1. Introduction

Over the past decade, industrial growth has led to a proliferation of environmental health concerns
due to the rise in emitted pollutants. A significant gaseous pollutant of industrial activity is sulfur
dioxide (SO2) [17. Upon inhalation of SO, it converts into sulfurous acid upon contact with moisture in
the respiratory system. This acid further dissociates to produce bisulfite and sulfite ions, which maintain
a ratio of 1:3 under neutral circumstances [27. Inhalation of these compounds might lead to respiratory
distress and other detrimental effects. In addition to the presence of SO2 in the atmosphere, sulfiting
chemicals are widespread in food, beverages, and medications as preservatives.

The detrimental consequences of sulfur dioxide originate from its ability to diffuse throughout the
bloodstream, thereby affecting all bodily tissues and organs and resulting in systemic health
complications [8, 47]. Respiratory issues may arise from the release of sulfite ions from sulfur dioxide
and various sulfiting agents, such as sodium sulfite, sodium bisulfite, sodium metabisulfite, and
potassium metabisulfite [57]. The release of these ions can induce the formation of free radicals,
resulting in oxidative stress and an inflammatory response. Moreover, they may induce allergy or
hypersensitive reactions, especially in those sensitive to sulfites [6, 77]. These reactions may vary from
dermatological problems to severe systemic symptoms, including anaphylaxis. In addition to the
aforementioned detrimental effects, SO2 may exhibit carcinogenic properties and promote
cardiovascular issues [87].
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Treatment using herbal extracts, especially those rich in powerful antioxidants, has garnered
significant interest for mitigating the detrimental effects of pollutants. Chamomile, a plant widely
distributed across Asia and Europe, has been utilized for medicinal purposes by our ancestors. The
extract is utilized for the treatment of several illnesses, including cancer and mental health difficulties.
Chamomile is renowned for its calming and soothing effects and is commonly prepared as tea to
alleviate anxiety, enhance sleep, and relieve digestive issues [97]. The therapeutic efficacy of chamomile
is attributed to its phytochemical components, including flavonoids (such as luteolin and apigenin),
terpenoids (notably chamazulene), and phenolic acids. These phytochemicals possess significant
antioxidant capabilities, contributing to the mitigation of oxidative stress. Antioxidants are essential for
enhancing the body's detoxifying abilities and alleviating the harmful impacts of oxidative stress,
resulting from an imbalance between reactive oxygen species (ROS) and antioxidant levels.
Antioxidants work on neutralizing free radicals, thereby mitigating their deleterious effects on proteins,
lipids, and DNA. Chamomile's anti-inflammatory properties, driven by bioactive compounds that can
regulate inflammatory pathways, may reduce inflammation caused by sulfite exposure. The
aforementioned qualities may act as a mitigating factor against oxidative damage caused by sulfur
dioxide ['10, 117].

This study aims to investigate whether prophylactic administration of chamomile extract can
provide protection against sulfur dioxide-induced damage in mice.

2. Materials and Methods
2.1. Preparation of Chamomile Extract

Chamomile was purchased from a local herb store located in Tyre, South Lebanon. The
identification was conducted using taxonomic keys of the flora as outlined by [127. A voucher has been
deposited at the Research Center for Environment and Development located at the University. A 5%
extract was prepared by infusing 5 g of dried chamomile flowers in 100 ml of boiling water for 40
minutes, followed by filtration. The filtrate was subsequently dried in an oven at 40 °C. The pellet was
subsequently dissolved in distilled water to achieve a final concentration of 20 mg/ml and stored in
aliquots at -20°C until further use.

2.2. Animals
Female Balb/c mice, aged 6 to 8 weeks, were obtained from the Animal House. The subjects were

maintained in a controlled laboratory environment at a temperature of 22 *+ 2°C, with a 12-hour
light/dark cycle and access to food and water. All animal experiments adhered to the ethical standards
approved by the Institutional Review Board, under code number: 2023-A-0054-S-M-0555.
The mice were assigned randomly to four groups, each consisting of nine mice:

e Group 1 (Control): Mice received no treatment throughout the study.

e Group 2 (Extract Treatment): Mice were administered 200 mg/kg body weight of chamomile

extract daily through oral gavage for a duration of 14 days.

e Group 3 (SO,): Mice were administered a mixture of sodium sulfite and sodium bisulfite at a 3:1
molar ratio, with a dosage of 690 mg/kg delivered via intraperitoneal injections over a period of 7
days.

e  Group 4 (SO, + Extract Treatment): Mice received a pre-treatment of chamomile extract at a
dosage of 200 mg/kg for a duration of 7 days, followed by a co-administration of the chamomile
extract and a combination of sodium sulfite and sodium bisulfite, as outlined in Group 38, for an
additional 7 days.

At the end of the experiment, the mice were anesthetized using isoflorane drop jar method, and
blood samples were obtained. Organs were subsequently dissected for histological and biochemical
analysis.
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2.8. Biochemical Analysis

Blood samples were obtained through cardiac puncture under anaesthesia and sent to the
Professional Healthcare Diagnostic Laboratory in Saida, Lebanon, for analysis. The samples underwent
the following analyses:

e Complete Blood Count (CBC): Performed using a Sysmex XP-300 automated hematology
analyzer.

e Kidney and Liver Function Tests: Serum levels of blood urea nitrogen (BUN), creatinine, alanine
aminotransferase (ALT), and aspartate aminotransferase (AST) were measured using a Roche
Cobas c111 automated chemistry analyzer.

e Glucose Levels: Blood glucose levels were also determined using the Roche Cobas c111 automated
chemistry analyzer.

2.4. Histological Analysis

Liver, brain, and lung tissues were harvested from anesthetized mice, fixed in 10% formalin, and
dispatched to the Institute National de Pathologie in Beirut, Lebanon, for histological analysis. Upon
arrival, the specimens were dehydrated, cleared, and embedded in paraffin blocks. The paraffin-
embedded tissues were sliced into 5 um thick sections utilizing a microtome. The tissue sections were
stained with hematoxylin and eosin (H&E) to evaluate structural changes and were observed under a
microscope at 10X and 40X magnifications.

2.5. Tissue Homogenization

Liver and brain tissues were homogenized in phosphate-buffered saline (PBS) with a pH of 7.4,
containing 1 mM phenylmethylsulfonyl fluoride (PMSI) as a protease inhibitor to prevent protein
degradation. The tissue-to-buffer ratio was established at 1 gram of tissue per 5 mL of solution.
Homogenization was conducted manually on ice for a duration of 15 minutes. The homogenates
underwent centrifugation at 10,000 rpm for 15 minutes at 4°C. The resulting supernatants, which
contained the extracted proteins, were collected and stored at -80°C for subsequent analysis.

2.6. Protern Quantification

The protein concentration in each tissue homogenate was assessed using the Bradford assay
Bradford (187 a colorimetric technique reliant on dye-protein interactions. Bovine serum albumin (BSA)
served as a standard for the development of a calibration curve. The assay consisted of incubating 50 ul
of each homogenate with 200 pl of 1X Bradford reagent for 30 minutes at room temperature in the
absence of light. Absorbance was recorded at 595 nm utilizing a UV-Visible Spectrophotometer,
employing PBS and Bradford reagent as the blank reference. Protein concentrations were determined by
comparing the absorbance values of samples to the BSA standard curve, which ranged from 0 to 10
pg/mL.

2.7. Oxidative Stress Markers:
2.7.1. Superoxide Dismutase (SOD) Assay

The activity of Superoxide Dismutase (SOD) was assessed in each tissue homogenate by a
spectrophotometric approach based on the suppression of nitroblue tetrazolium (NBT) reduction by
superoxide radicals [14]. The results were quantified in units per milligram of protein (U/mg protein).

2.7.2. Catalase (CAT) Assay

Catalase (CAT) activity was assessed in each tissue homogenate by quantifying the decomposition of
hydrogen peroxide (H202) at 240 nm [157]. The results were expressed in units per milligram of
protein (U/mg protein).
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2.7.8. Malondialdelhyde (MDA) Assay

Malondialdehyde (MDA) content, a marker of lipid peroxidation, was determined using the
thiobarbituric acid reactive substances (TBARS) assay [16]. MDA concentrations were calculated and
expressed as nmol MDA per mg of protein.

2.8. Statistical Analysis

All statistical analyses and graphs were conducted using GraphPad Prism software, with data
expressed as means * standard deviations. Statistical significance was assessed utilizing the Tukey test
subsequent to a one-way ANOVA. Significance levels denoted as follows: **** P < 0.0001, *** P <
0.001, ** P < 0.01, * P < 0.05.

3. Results
3.1. Haematological Parameters

Table 1 illustrates the results obtain on haematological parameters across all study groups.
Haematocrit levels (HCT) in the SO, group increased significantly by 29% (p<0.05) compared to the
Control group. The chamomile treatment in SOq+Extract group did not restore HCT levels back to
normal.

SO, exposure significantly raised Mean Corpuscular Haemoglobin (MCV) by 14% (p<0.05) in SO,
group compared to the Control group and by 10% (p<0.05) compared to the Extract treatment group.
Chamomile extract treatment did not normalize MCV values in SO.+ Extract group.

The platelet counts (PLT) in the Extract treatment group, SO, group, and SO.+ Extract group
dropped significantly compared to the Control by 57% (p<0.01), 84% (p<0.05), and 43% (p<0.01),
respectively. No statistically significant variations were detected among the other haematological
markers.

Table 1.
Hematological analysis of all groups.
Parameters Group 1 Group 2 Group 3 Group 4
(Control) (Extract Treatment) (SO-) (SO: + Extract)
RBCs (105/pL) 5.98 + 0.86 6.62 + 0.43 7.28 +0.71 7.04 + 0.61
HGB, (g/dL) 12.58 + 0.81 14.07 + 0.90 14.57 + 1.22 18.70 + 1.22
HCT, (%) 34.67 + 5.23 39.50 + 1.74 48.60 + 6.65 2 43.10 + 2.69
MCV 57.90 + 0.73 59.90 + 2.62 66.6+ 0.84 ab 62.45 + 0.31
MCH 21.20 + 1.98 21.23 £+ 0.40 20.03 + 1.90 19.77 £+ 0.83
MCHC 36.63 + 3.70 35.57 + 2.00 30.20 + 3.43 31.70 + 1.37
PLT, (103/|J,L) 808.67 + 107.57 348.00 + 38.27 2 533.00 + 110.24 2 458.33 + 64.35 2
WBC (109/L) 5.97+ 0.82 5.19+ 0.42 4.74 + 2.98 1.83 + 0.96
NEU, (%) 6.33+ 0.47 4.33 + 0.94 11.33 + 8.51 11.66 + 5.86
LYM, (%) 74.00 + 1.41 76.00 £+ 14.85 79.67 + 12.58 68.67 +13.32
MON, (%) 19.38 + 1.25 19.00 + 14.90 7.67 + 4.16 18.33 + 9.24
EOS, (%) 0.38 + 0.47 0.67 + 0.47 1.838 + 0.58 1.33 + 0.58
BASO, (%) 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00
RDW 17.83 + 1.50 19.00 + 1.13 18.43 + 0.16 19.70 + 1.39

Note: Data are presented as mean + SD. p<0.05 vs. the Control group, "p<0.05 vs. the Extract treatment group.

3.2. Fasting Blood Glucose
No statistically significant variations in fasting blood glucose levels were detected among the
experimental groups.

3.3. Liver Function (ALT and AST)
The impact of chamomile extract treatment on serum aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) levels was illustrated in Figure 1. The Control and Extract treatment groups
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exhibited comparable outcomes. AST levels markedly elevated in the SO, group relative to the Control
and Extract treatment groups by 90% (P <0.01) and 83% (P <0.01) respectively. The prophylactic
administration of chamomile extract in SO.+Extract group significantly diminished the SO:-induced
increase in AST by 77% (P <0.01).

Similarly, the ALT levels were comparable across the Control and Extract treatment groups. ALT
levels markedly elevated in SO, group in comparison to the Control and Extract Treatment groups by
95% (P <0.01) and 96% (P <0.01), respectively. The prophylactic administration of chamomile extract in
SO.+ Extract group resulted in a considerable 90% reduction in the SO2-induced elevation of ALT (P
<0.01).
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Figure 1.

AST and ALT Serum Levels of all study groups. (A) AST and (B) AST.
Note: mean+SD.*p < 0.05, **p < 0.01, ***p < 0.001.

3.4. Kidney Function (Creatinine, Urea and BUN)

Kidney function parameters (creatinine, Urea, and BUN) were determined across all study groups as
illustrated in Figure 2.

Creatinine levels did not exhibit any substantial differences between the study groups (Figure 2A).
Although the SO, group exhibited higher Urea and BUN levels than the Control group, the results
were not statistically significant. On the other hand, the SO, group exhibited a statistically significant
increase in Urea and BUN when compared to the Extract treatment group by 48% (p <0.01). chamomile
treatment in SO, + Extract group resulted in a 40% decrease in BUN and Urea results (p <0.01) when
compared to the SO, group. (figure 2B and 2C)
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Figure 2.

Creatinine, Urea and BUN serum levels of all study groups. (A) Creatinine, (B) Urea and (C) BUN.
Note: mean+SD.*p < 0.05, **p < 0.01, ***p < 0.001.

3.5. Ozidative Stress Parameters in Liver Homogenate

MDA content, SOD, and CAT activity were assessed in liver homogenates of all groups as shown in
figure 8A, 3B, and 3C, respectively.

Exposure to SO. led to a significant increase in MDA levels by 51% (p <0.05) and 59% (p < 0.01)
compared to the Control and Extract treatment groups, respectively. Fortunately, treating the SO,
group with the Chamomile extract minimizes its damaging effect as seen by the significant decrease in
MDA levels (38%, p < 0.05) in the SO.+ Extract group.

Exposure to SO, significantly decreased SOD activity levels by 62% (p < 0.01) and 59% (p < 0.01)
compared to the Control and Extract treatment groups, respectively. Administration of chamomile
extract treatment minimizes the harmful effect of SO, by increasing SOD activity levels (49%, p<0.05)
in the SO.+ Extract group compared to the SO, group.

SO, exposure reduced CAT levels by 77% (p < 0.001) and 74% (p < 0.001) when compared to the
control and Extract treatment groups respectively.

Chamomile extract treatment increased CAT activity in SO, + Extract group by 65% (p < 0.05)
when compared to the SO, group.
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Although the SO2 + Extract group had higher levels of CAT than the SO2 group, they still had
significantly lower levels than the control and chamomile groups (p < 0.05), indicating that chamomile
treatment increased CAT activity but did not restore CAT levels to those of the control and chamomile

groups.
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Figure 3.

MDA, CAT and SOD Liver homogenate levels of all study groups (A) MDA, (B) CAT and (C) SOD.
Note: mean+SD.*p < 0.05, **p < 0.01, ***p < 0.001.
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3.6. Oxidative Stress Parameters in Brain Homogenate
The MDA content, CAT and SOD activity were assessed in the brain homogenates of all groups.
No statistically significant changes were observed in these measured parameters among all groups.

3.7. Histology Observations

Histopathological analysis of the lungs of SO, exposed mice showed signs of tissue damage
indicated by perivascular inflammatory cellular infiltrate, septal edema, congestions, with increased
extravasation of red blood cells into the lung parenchyma and thickening of the alveolar wall with
collapse of terminal bronchioles (Figure 4C) compared to the Control and Extract treatment groups
(Figure 4A and 4B). The harmful effect of SO, was mitigated upon treatment with chamomile extract as
shown in Figure 4D.

--
--

Figure 4.
Histology of lung sections of all study groups.

(A) Control, (B) Extract Treatment, (C) SO, group and (D) SO.+ Extract group. Slides were stained with H& E staining and
examined under 10X magnification.

Similarly, SO, exposure induced hepatocytes damage as indicated by micro-ballooning degeneration
that is characterized by enlarged and swollen hepatocytes, and loss of their usual polygonal shape with
granular material in the cytoplasm representing a collapsed cytoskeleton. Some hepatocytes contain
condensed pyknotic nuclei, while others contain glycogenic nuclei. Areas of disorganized hepatic
architecture are shown in Figure 5C that were restored to normal upon treatment with the extract
(Figure 5D). Normal histology of liver tissue was observed in Control and Extract treatment groups
(Figure 5A and 5B).
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Figure 5.
Histology of liver sections of all study groups. (A) Control, (B) Extract Treatment, (C) SO, group and (D) SO.+ Extract group.
Slides were stained with H& E staining and examined under 10X magnification.

Concerning brain histology, all groups showed normal architecture, indicating no eftect of SO, on
the brain tissue in this study.

4. Discussion

SO: is one of the prominent atmospheric air pollutants in highly polluted regions resulting from
diverse industrial activity. It is recognized to be linked with numerous health issues in exposed
populations [1, 47]. Chamomile has been extensively utilized as a natural medicine owing to its abundant
flavonoid content (antioxidants) [97]. This study has assessed the impact of chamomile extract in
alleviating the detrimental effects of SOz exposure.

The count of red blood cells and hemoglobin concentrations are essential metrics of erythrocyte
viability and oxygen-carrying capacity. The findings of this study indicate that RBC counts and
hemoglobin concentrations were consistent throughout the groups. The findings suggest that SO:
exposure did not markedly affect the examined erythrocyte parameters; however, a cross-sectional study
conducted over 1 to 2 years revealed a statistically significant reduction in both RBC count and
hematocrit in the SO2 group, indicating that prolonged exposure may result in anemia and diminished
hemoglobin levels. The short duration of the study may account for the differences in the results [177].

SO:2 exposure resulted in elevated levels of HCT and MCV. This phenomenon can be attributed to
the malabsorption of vitamin B12 and folate in the intestines, resulting from oxidative stress-induced
damage to the intestinal lining [187. Deficiencies in vitamin B12 and folate are marked by the presence
of macrocytic cells [197. Oxidative stress can induce protein damage Patlolla, et al. [207] potentially
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impairing the function of various enzymes, including methionine synthase and dihydrofolate reductase,
which are crucial for the metabolism of Vitamin B12 and Folate [21, 227.

Following the administration of chamomile extract, the platelet count was dramatically decreased in
comparison to the control group. Prior research has shown that chamomile plant extract possesses anti-
platelet effects. It inhibits the activation and aggregation of platelets [237. Despite this, previous studies
did not discover any harmful eftfects of chamomile extract [107]. Therefore, additional research is
required to ascertain whether the low platelet count is attributable to the extract's possible toxicity at
the examined dosage.

The SOz group and the SOz + chamomile extract treatment group exhibited a significant reduction
in platelet count. This may be elucidated by the capacity of SO2 and its derivatives to induce DNA
methylation in platelets [247]. Furthermore, oxidative stress elicited by SOz can activate caspases and
precipitate mitochondrial dysfunction in platelets, as it has been previously demonstrated to induce
apoptosis in alveolar cells [257]. Additional research is required to establish the connection.

Serum alanine aminotransferase and aspartate aminotransferase levels have long been utilized as
measures of hepatic health, with elevated levels signifying liver disease [267]. This study demonstrated
that exposure to SO2 resulted in a statistically significant elevation of both ALT and AST levels
compared to the control group, indicating its detrimental impact, which was alleviated by chamomile
treatment. This study's findings are consistent with prior studies on the hepatotoxic eftects of SOo,
indicating that sodium sulfite, a product of SOz, induced apoptosis in hepatocytes Liu, et al. [277]. Meng,
et al. [187] proposed that exposure to sulfur dioxide derivatives, specifically sodium sulfite and sodium
bisulfite, resulted in DNA damage across multiple tissues, including liver tissue. Our investigation
indicates that chamomile extract prophylactic therapy is promising in alleviating the detrimental effects
of SOz on hepatocytes. This aligns with other studies indicating the hepatoprotective properties of
chamomile extract against carcinogenesis produced by 1,2-Dimethylhydrazine in murine models [287].
The hepatoprotective eftects of chamomile extract are probably due to its recognized antioxidant and
anti-inflammatory characteristics. Research indicates that chamomile extract can diminish oxidative
stress by neutralizing free radicals and altering the function of antioxidant enzymes [297]. Furthermore,
chamomile's anti-inflammatory properties may protect the liver from injury by inhibiting leukocyte
infiltration and the production of pro-inflammatory cytokines [307].

This study evaluated the impact of SOz on renal function by measuring the markers of kidney
function, specifically creatinine, BUN, and urea levels [817. Creatinine levels remained unaffected by
SO: exposure or chamomile extract. A prior study revealed conflicting findings, demonstrating that SO2
exposure resulted in a diminished glomerular filtration rate relative to unexposed individuals,
suggesting renal impairment associated with prolonged SO: exposure [327. This implies that an
extended duration is required for the effects on creatinine levels to become evident.

Chamomile extract treatment, in comparison to the SOz group, diminished BUN and urea levels in
the SOz2+Extract group. The substantial reduction in urea and blood urea nitrogen (BUN) levels in the
chamomile-treated groups may be attributed to the extract's diuretic properties, which enhance urine
production and inhibit urea accumulation in the bloodstream, given that urea is a byproduct of amino
acid catabolism and is excreted by the kidneys [31, 837. The results indicate that chamomile extract
may enhance kidney function. The limited duration of the trial is believed to have been inadequate for
SOz exposure to induce nephrotoxicity in mice. Further research is necessary to evaluate the long-term
renal impairment.

Exposure to SOz led to increased levels of malondialdehyde in the liver, signifying oxidative stress
due to lipid peroxidation [347]. This indicates that SOz causes oxidative damage in the liver. Chamomile
extract may safeguard against this harm. The protective effect of chamomile extract aligns with its
established antioxidant properties, as noted in previous research [307].

Moreover, SOz therapy markedly impaired the activity of superoxide dismutase and catalase, crucial
antioxidant enzymes that neutralize free radicals within cells. Administration of chamomile extract to
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SO2z-exposed mice markedly enhanced SOD and CAT activity; nevertheless, CAT activity remained
below compared to that of the control and chamomile groups. This indicates that SOz exposure could
exceed the liver's inherent antioxidant defense mechanisms by producing free radicals, potentially
disrupting antioxidant enzymes and leading to their inactivation [857]. Chamomile extract seems to
provide protection by neutralizing free radicals, reducing their harmful effects on antioxidant enzyme
inactivation, and enhancing the synthesis of antioxidant enzymes [97]. Additional research is necessary
to ascertain whether an elevated dosage of chamomile extract is essential for the complete restoration of
antioxidant enzyme levels or if extending the duration of extract administration suffices to normalize
enzyme levels.

While SOz exposure elevated oxidative stress in the liver, the brain exhibited a distinct response.
Levels of MDA, SOD, and CAT in brain homogenate were consistent across all groups, suggesting
potential tissue susceptibility to SOz-induced oxidative stress. This observation may result from the
protective function of the blood-brain barrier, which selectively controls the transport of substances
trom the bloodstream into the brain [36, 377]. Our research indicated that SOz exposure inflicted greater
harm on the liver compared to the brain. The short duration of our study suggests that neither sulfate
nor sulfite ions induced damage on the blood-brain barrier, hence rendering the brain less susceptible to
oxidative stress in this study.

5. Conclusion

This study elucidates the adverse impacts of sulfur dioxide (SO2) exposure on multiple biological
parameters, encompassing haematological, hepatic, and renal functions, in addition to oxidative stress
indicators. Exposure to SOz resulted in substantial changes in haematocrit, mean corpuscular
haemoglobin, and platelet count, as well as increased blood indicators of liver damage (AST and ALT).
Moreover, SOz-induced oxidative stress in the liver, indicated by elevated malondialdehyde (MDA)
levels and reduced superoxide dismutase (SOD) and catalase (CAT) activities, was mitigated with
chamomile extract therapy, highlighting its potential as a protective agent. Histological study validated
the preventive benefits of chamomile extract on liver and lung tissues, alleviating the damage caused by
SOz exposure. However, its influence on brain tissue was negligible, indicating that the brain may
exhibit reduced vulnerability to SOz-induced damage, maybe attributable to the protective function of
the blood-brain barrier. Chamomile extract demonstrates considerable antioxidative and
hepatoprotective properties, suggesting it as a potential therapeutic strategy to alleviate the detrimental
effects of SOz exposure.

5.1. Limitations and Recommendations
Additional research is required to validate its long-term efficacy and optimal dosage for complete
restoration of affected parameters.
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