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ABSTRACT

Background: Occupational insecticide exposure can lead to pharyngitis, with untreated cases
posing significant health risks. This study aimed to investigate the effects of aqueous root
extract of Zingiber officinal on bifenthrin-induced pharyngitis in Wistar rats.

Methods: Thirty adult Wistar rats weighing 238-268 g were divided into 5 groups of 6 rats
each. Group A rats received only feed and water. Group B rats were exposed to 2 puffs of
bifenthrin for 1 hour daily. Group C rats received 500mg/kg body weight per day (BWT/D) of
Zingiber officinale. Groups D and E rats were exposed to bifenthrin and received 250mg/kg
and 500mg/kg BWT/D of Zingiber officinale respectively. The extract was given for 30
consecutive days via an orogastric tube. The weights of the animals were recorded weekly and
body weight gain computed. On day 30 of exposure, the animals were weighed and euthanized
under chloroform anaesthesia and blood was collected for haematological analysis. The
pharynx was harvested for histological examination. Data were analyzed using one-way
ANOVA and Tukey’s HSD test for multiple comparisons with level of significance set at
P<0.05.

Results: Exposure to bifenthrin vapor resulted in reduced mean weight gain (15.60 + 2.239; P
< 0.05). There was no significant change in lymphocyte count (7.65 = 2.339; P = 0.115) or
RBC count (6.69 + 0.15; P = 0.863). Similarly, no significant alterations were observed in red
cell indices, including MCV: 58.48 + 1.01; P = 0.882) and MCHC: 31.50 = 0.45; P = 0.116).
Histological analysis of pharyngeal tissue revealed abnormal architecture in exposed Group B.

Conclusion: This study demonstrates that Zingiber officinale has a protective role in
combating bifenthrin-induced pharyngitis, characterized by reduced severity of superficial
erosion of squamous epithelium, subepithelial oedema, vasodilation, and subepithelial
inflammation in Wistar rats.
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1. Introduction

Bifenthrin is a synthetic pyrethroid insecticide widely
used in agricultural, residential, and commercial
settings to control insects and ticks (Adewole et al.,
2013; Ehi-omosun et al., 2023). It acts by disrupting
voltage-gated sodium channels in insect nerve cells,
leading to hyperexcitation, paralysis, and death
(Harrison, 1977; Ahmad et al., 2013; Dar et al., 2019).
Although effective, bifenthrin exposure - especially
among pest-control workers - has been linked to skin
and eye irritation, respiratory allergy, coughing,
wheezing, shortness of breath, and other respiratory
disorders (Porter et al., 2011; Abubakar et al., 2015).
Its active component, 2-chloro-3,3,3-trifluoro-1-
propenyl, is particularly toxic and may trigger airway
inflammation, worsen asthma, and impair respiratory
function if untreated (Harrison, 1977; Mc Phee et al,
2010). Pharyngitis, an inflammation of the pharynx,
may arise from exposure to irritants such as chemicals,
dust, or smoke (Abdu - Wahab et al., 2015). Symptoms
include sore throat, painful swallowing, hoarseness,
fever, and in severe cases airway narrowing, reduced
airflow, and impaired gas exchange (Harrison, 1977;
Kasper et al., 2015). If unmanaged, pharyngitis can
progress to complications like tonsillitis, otitis media,
or rheumatic fever (Drake et al., 2009; Moore and
Dalley, 2018).

Zingiber officinale (ginger) is a medicinal rhizome
long used in Asia and Africa for treating respiratory
conditions such as cough, asthma, and inflammation
(Karam et al., 2014; Ndagijimana et al., 2016; Idang,
2019; Okesola et al., 2019; Firdaus et al., 2025;). Its
bioactive compounds - gingerols, shogaols, flavonoids,
and essential oils - exhibit anti-inflammatory,
antioxidant, antimicrobial, and anti-allergic properties
that support lung and immune function (Alsaid et al.,
2018; Elkhishin et al., 2009; Mao et al., 2019). These
constituents may help reduce airway inflammation,
soothe irritated tissues, and modulate immune
responses during pharyngitis (Cheesbrough, 2005;
Kumar et al., 2011; Sykes et al., 2020).

Given its strong anti-inflammatory and anti-allergic
activities, Zingiber officinale was selected as a
potential therapeutic agent against bifenthrin-induced
pharyngitis. This study therefore investigated the
effects of aqueous root extract of Zingiber officinale on
bifenthrin-induced pharyngitis in adult Wistar rats,
assessing its therapeutic, haematological, and body-
weight impacts.
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2. Materials and Methods

2.1 Plant Materials

The Zingiber officinale rhizomes used in this study
were collected from the University of Benin Farm
Project, located in Ekenwan Campus, Benin City,
Nigeria. The plant material (Zingiber officinale
rhizomes) was authenticated by botanists at the
Department of Plant Biology and Biotechnology,
Faculty of Sciences, University of Benin, Benin City,
Edo State, Nigeria. A voucher specimen (voucher
number: UB/MPH/088) was lodged at the department’s
herbarium for documentation purposes.

2.2 Extract Preparation

Zingiber officinale thizomes were oven-dried at 40°C
after air-drying for 7 days. The dried rhizomes were
then grounded using a 2018 model mechanical grinder
(Dozenmann, U.S.A). The cold maceration method
was used to extract the powdered material by soaking
500g of the powdered Zingiber officinale rhizomes in 1
litre of water for 24 hours at room temperature
(Mukherjee et al., 2010). The cold macerated method
was selected for extracting active compounds from
Zingiber officinale thizomes due to its ability to yield
high-quality extracts with minimal degradation of
phytochemicals. The soaked Zingiber officinale was
filtered with the aid of cotton wool. Using evaporating
dishes, the filtrate was concentrated over a hot water
bath to obtain 20 g concentrated jellylike extract of
Zingiber officinale thizome which was then transferred
into plain specimen bottles for storage in a refrigerator
at 4 °C. Acute oral toxicity of the extract was evaluated.
Appropriate doses of the extract were then made by
diluting with distilled water into 250 mg/kg body
weight and 500 mg/kg body weight which were
administered to the rats orally.

2.3 Experimental animals

Thirty adult Wistar rats (both sexes) of 238g-268g in
weight were purchased from the Animal House,
Department of Anatomy, University of Benin, Nigeria
and were utilized for this experiment. The rats were
group-housed by sex, with six (6) rats per cage, wood
shavings bedding, a 12-hour light/dark cycle, 50-60 %
humidity, and an ambient temperature of 25-28 °C. The
housing conditions were designed to minimize stress
and ensure the comfort and well-being of the animals.
The animals were left to acclimatize for 2 weeks before
commencement of the experiment. During this period,
they were allowed access to standard animal feed
(batch number: BMI/EWCB/006, Bendel Flour Mill,
Ewu, Nigeria) and clean water ad libitum.
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2.4 Ethical Consideration

Ethical approval was obtained from the Research
Ethics Committee of the College of Medical Sciences,
University of Benin, Nigeria (The approval number
obtained is CMS/REC/2014/609). Each animal
procedure was carried out in accordance with approved
protocols and in compliance with the recommendations
for the proper management and utilization of
laboratory animals used for research (Buzek and
Chastel, 2010).

2.5 Induction of Pharyngitis

Pharyngitis was induced in the test animals by
exposing them to bifenthrin (Procter and Gamble,
Sango Ota, Nigeria) delivered as 2 puffs (10 ml/puff)
via a hand-held sprayer in a fume distributor glass-
chamber FDGC), with daily 1-hour exposure for 30
consecutive days (Alsaid;). A pilot study was done on
the 28" day of the experiment, utilizing a sample of 5
animals (n=1 per group), which confirmed the presence
of pharyngitis.

2.6 Experimental design

Thirty animals were divided into 5 groups comprising
of 6 rats per-group. To minimize the impact of
environmental factors on our study outcomes, we
implemented stringent controls. Rats were group-
housed by sex in standardized conditions, with six (6)
per cage, identical cage, size, bedding materials, and
ventilation. The control group was housed in a separate
room from the treated group to prevent exposure to the
aerosol. A uniform diet was ensured by providing the
same standardized feed and water ad [libitum.
Additionally, a controlled 12-hour light/dark cycle was
maintained, with standardized lighting intensity and
wavelength, to further reduce environmental variability.
The 30 animals were distributed into 5 groups of six
rats each, using random sampling, which helps ensure
that each group is representative of the population and
reduce bias. It was ensured that the groups were well-
matched for critical variables, including age, sex, and
body weight. Additionally, a single bling procedure
was implemented for group assessment and treatment
administration, and researcher blinding was maintained
throughout data collection and analysis, to minimize
potential bias. These measures were taken to ensure the
validity of the study’s finding.

Table 1: Showing the Grouping, Treatment, and the Purpose of Each Group

Group A  Group B (2 Puffs of

Group C (Aqueous Root Extract

Group D (Zingiber officinale +

Group E (Zingiber officinale +

(control) Bifenthrin only) of Zingiber officinale only) Bifenthrin Low dose) Bifenthrin High Dose)

Animal 100 mg/m? 500mg/kg body weight of 100 mg/m? 100 mg/m?

feed of Zingiber officinale of of

+ Bifenthrin Bifenthrin Bifenthrin

H.0 + 250mg/kg BWT/D of Z + 500mgkg BWT/D of Z
officinale officinale

Served as Assessed the effects Assessed the effects of Aqueous Assessed the effect of Aqueous Assessed the effect of Aqueous

control of Bifenthrin on Root Extract of Zingiber Root Extract of Zingiber Root Extract of Zingiber

Normal rats

officinale on Normal rats

officinale (low dose) on rats

exposed to Bifenthrin vapor

officinale (high dose) on rats

exposed to Bifenthrin vapor

As shown in Table 1, Group A rats which served as
control were administered feed and water ad /libitum.
Group B rats were exposed to 2 puffs of bifenthrin (10
ml/puff) at a concentration of 100 mg/m3, administered
at 10 am by inhalation via fume distributor glass-
chamber of dimensions 32.5 cm’® x 32.5 ¢cm?® x 16.5
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cm? for 1 hour daily. Group C rats received 500mg/kg
body weight per day (BWT/D) of Zingiber officinale.
Groups D and E rats were exposed to 2 puffs of
bifenthrin (10 ml/puff) at a concentration of 100
mg/m?, administered at 10 am by inhalation via fume
distributor glass-chamber of dimensions 32.5 cm? X
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32.5 cm?® x 16.5 c¢cm? for 1 hour daily and received
250mg/kg BWT/D (low dose) and 500mg/kg BWT/D
(high dose) of Zingiber officinale respectively. The
extract was administered for 30 consecutive days via
an orogastric tube. We selected the dosages of
250mg/kg BWT/D and 500mg/kg BWT/D of Zingiber
officinale for groups D and E based on previous studies
that have demonstrated the safety and efficacy of this
plant extract in animal models. Specifically, Group D
was administered 250 mg/kg body weight/day of
Zingiber officinale, a dose previously shown to exhibit
significant anti-allergic activity (Trinidad et al. 2012).
Group E received 500 mg/kg body weight/day of
Zingiber officinale, a dose previously demonstrated to
have significant anti-inflammatory effects (Mukherjee
et al., 2010). We choose these dosages to investigate
the potential dose-response relationship of Zingiber
officinale on pharyngitis in rats. Our selection of these
dosages was also guided_by the results of our pilot
study, which suggested that these dosages were well-

tolerated and effective in reducing inflammation in rats.

We calculated the volumes of Zingiber officinale to be
administered based on the body weight of the animals
as follows: Group D: 250mg/kg body weight = 0.98
ml/kg (based on a concentration of 250mg/ml) while
Group E: 500mg/kg body weight = 1.96 ml/kg (based
on a concentration of 500mg/ml). Therefore, the
volumes of Zingiber officinale administered per kg
body weight were 0.98 ml/kg for group D and
1.96m/kg for group E. The dosages of the extract were
given for 30 consecutive days via an orogastric tube.
The weights of the animals in each group were taken
and recorded weekly and the difference between them
and previous weights were noted.

2.7 Method of Termination and Sample Collection

On the 30" day of exposure to bifenthrin, the animals
were weighed and subsequently euthanized under
chloroform anaesthesia. Blood samples were collected
through cardiac puncture into anticoagulant (Ethylene
Diamine Tetra acetic Acid) tubes for haematological
analysis. The pharynx of each rat was excised and
fixed in 10% formal saline for 24 hours before the
histological procedures. The tissues were trimmed to
approximately 5 pm thick sections and processed as
per Carleton et al., 1967. The trimmed tissues
underwent manual histological processing for
microscopy involving fixation in 10% neutral buffered
formalin (pH 7.4) for 24-48 hours at room temperature,
followed by embedding in paraffin wax using a Leica
TP1020 tissue processor at 58 °C, 100 mbar, and 12
hours. Subsequently, tissues were stained with
Hematoxylin and Eosin (H&E) using a Thermo
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Scientific Gemini tissue stainer at 37 °C for 30 minutes.
This H&E staining enabled visualization of tissue
morphology and architecture, allowing for the
evaluation of histological changes and their correlation
with experimental findings. Histological sections were
examined under a Leica DM750 research microscope
with a digital camera (Leica ICCS50) attached.
Photomicrographs of the tissue sections were taken at
magnification of x100. White blood cells, lymphocytes,
red blood cells, haemoglobin, haematocrit, mean cell
volume, mean corpuscular haemoglobin, mean
corpuscular haemoglobin concentration, and platelets
were analysed using an auto-analyzer (Hoddlier and
Stoughton, London) with a recognized biochemical kit
(Merck, London).

2.8 Statistical analysis

Data were analyzed using Microsoft Excel 2010 and
SPSS version 20. Results are presented as Mean +
Standard Error of Mean (SEM). The obtained data
were analyzed using one-way Analysis of Variance,
followed by Tukey’s HSD test for multiple
comparisons with level of significance set at P<0.05.

3. Results

3.1 Body Weight

Table 2 represents the mean weight of rats taken
weekly across the groups. The results revealed a
significant increase (p<0.05) in body weight across all
experimental groups (A-E). However, weight gain was
significantly lower (p<0.05) in the exposed groups in a
dose-dependent manner compared to the control group.
There were significant differences (p<0.05) in weight
change in groups B and C compared with the control

group.

3.2 Haematological Parameters

Findings of the study for haematological analysis in all
the experimental groups are presented in Table 3. The
table shows that bifenthrin vapor significantly (p<0.05)
decreased some haematological parameters such as
lymphocytes, red blood cells, mean cell volume and
mean corpuscular haemoglobin concentration.

3.3 Histological Findings

Histological findings in all the experimental groups are
presented in Figure 1. The representative
photomicrograph of the control group (Group A),
showed normal features of the pharynx including
keratinized stratified squamous epithelium, and
subepithelial connective tissue (Figure 1A) indicating
no signs of damage or inflammation. These findings
demonstrate that the pharyngeal tissue in Group A rats
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was histologically normal, providing a control
reference point for the study. There were observable
histological variations in the laryngeal histoarchitecture
of the exposed rats (Group B; Figure 1B) which
include superficial erosion of squamous epithelium,
subepithelial oedema, vasodilatation, and subepithelial
infiltrates of inflammatory cells, indicating a robust
inflammatory response to the toxicant, bifenthrin
(evidence of laryngitis). The group administered 500
mg/kg extract only (Group C), presented normal
architecture of keratinized stratified squamous
epithelium and subepithelial connective tissue (figure
1C), indicating an enhanced immune response to the
extract. The histological examination of pharyngeal

tissues from Group D (250 mg /kg Zingiber officinale
root extract + bifenthrin) revealed normal architecture
of stratified squamous epithelium and moderate
subepithelial infiltrates of inflammatory cells
indicating a desirable immune response to the extract
In Group E (500 mg/kg Zingiber officinale root extract
+ bifenthrin), the pharyngeal stratified squamous
epithelium architecture remained intact, but with signs
of immoderate inflammatory response, characterized
by more subepithelial infiltrates of inflammatory cells,
likely due to the higher dose of the extract.

Table 2: Mean Weight of Rats Taken Weekly across the Groups

Group A Group B Group C  Group D Group E P-value
(Control ) (Bifenthrin) (500mg/kg  Z.  (250mg/kg Z.  (500mg/kg Z.
officinale) officinale +  officinale +
Bifenthrin) Bifenthrin)
Initial = Body y5433.800  15049.849 1533343844 150.67+4.485 156£1.528 0.103
Weight (g)
Final ~ Body  »9.11.93* 164.67+11.02" 178+6.001" 166.33+2.186" 174+2.309° 0.021
Weight (g)
Welght ® ® ® * *
45.67+£3.84 14.67+1.215 24.67+6.386 15.66+2.239 18+1.606 0.013
Change (g)
n=6; Values are Mean + S.E.M. The P-value speaks to the difference between the initial and final weights.
Table 3: Comparison of Haematological Parameters in all the Experimental Groups
Groups/Tests CONTROL GROUP B GROUP C GROUP D GROUP E P Value
WBC count (10"3) 9.43+0.89 6.43+1.11 7.80 £0.77 8.13+0.31 6.73 £0.99 0.145
LYMP (%) 8.93+0.85 6.10+ 1.06* 7.25+0.59 7.65+0.29 6.38+£0.90 0.115
RBCcount
6.76 £0.35 5.56+0.40" 6.88 +0.20 6.69+0.15 6.44 +0.08 0.863
(10%6ul)
Hb (g/dl) 12.90 +0.86 12.03+0.78 12.50+0.44 12.30+0.21 12.08 £0.30 0.776
HCT (%) 39.63 +2.31 38.23+1.60 40.02+1.73 3900+ 1.02 37.75+0.84 0.709
MCV (F) 58.63 £0.57 56.47+1.69" 59.53+1.04 58.48 £1.01 58.73+0.57 0.882
MCH (pg) 19.00 £0.27 17.30+0.17 18.10+0.26 18.38+0.13 18.70 + 0.28 0.079
MCHC (%) 32.50+0.32 28.33+£0.87" 30.55+0.29 31.50+0.45 31.93+0.44 0.116
PLT (10"3/uL) 904.00 + 18.87 851.33£21.99 393.00 + 32.85 724.50+10.75 813.00+15.66 0.567

Values are Mean + S.E.M. *Significantly different from the control group

KEY: White blood cells (WBC), Lymphocytes (LYMP), Red blood cells (RBC), Haemoglobin (Hb), Haematocrit (HCT), Mean cell volume
(MCV), Mean cell haemoglobin (MCH), Mean cell haemoglobin concentration (MCHC), Platelets (PLT).
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Figure 1: Representative photomicrographs of H&E sections of the pharynx of the experimental animals at the end of
study: ‘A’ shows the Group A (Control group) showing normal keratinized stratified squamous epithelium ‘SE’,
subepithelium connective tissue ‘SC’; ‘B’ shows Group B exposed to 100 mls of bifenthrin only via inhalation daily for 30
days showing superficial erosion of squamous epithelium °‘ES’, subepithelial oedema ‘SO’, subepithelial infiltrates of
inflammatory cells ‘SI” and vasodilatation (VD); ‘C’ shows Group C administered 500mg/kg body weight per day of Zingiber
oleifera aqueous leaf extract daily for 30 days showing normal architecture of stratified squamous epithelium keratinized ‘SE’
and normal architecture of subepithelial connective tissue ‘SC’; ‘D’ shows Group D exposed to 100 ml of bifenthrin vapor via
inhalation and received 250mg/kg body weight of Zingiber officinale aqueous root extract daily for 30 days showing normal
architecture of stratified squamous epithelium ‘NS’ and moderate subepithelial infiltrates of inflammatory cells ‘MI’; ‘E’
shows Group E exposed to 100 ml of bifenthrin vapor via inhalation and received 500mg/kg body weight of Zingiber officinale
aqueous root extract daily for 30 days showing normal stratified squamos epithelium, ‘NS’ and subepithelial infiltrates of
inflammatory cells ‘SI’ (H&E x 100)

4. Discussion anti-allergic  properties. Immunological markers
This study examined the therapeutic potential of  associated with these actions include IL-4, IL-5 and
Zingiber officinale aqueous root extract in preventing IgE, supporting its relevance in airway inflammation.

and attenuating  bifenthrin-induced  pharyngitis, A significant increase (P < 0.05) in body weight was
considering its documented anti-inflammatory and observed across all experimental groups, with the
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control group exhibiting the greatest increase. Reduced
weight gain in bifenthrin-exposed rats suggests that
bifenthrin may exert inhibitory effects through
systemic inflammation and pharyngeal toxicity,
consistent with the earlier report of Sasrisuk et al.,
(2013). These findings have implications for
individuals with occupational bifenthrin exposure,
particularly those whose physiological functions,
including metabolic processes, may be affected.

Bifenthrin exposure caused notable disturbances in
haematological indices, including reduced lymphocyte
counts, red blood cells, mean cell volume and mean
corpuscular ~ haemoglobin  concentration.  The
lymphopenia observed may reflect an immune reaction
to inhaled bifenthrin vapour, corroborated by
histopathological findings. The reduction in red cell
parameters supports previous findings by Yung et al.
(2010), Dosoo et al. (2012), and Jin ef al. (2014). Such

changes increase susceptibility to microcytic
hypochromic anaemia, impaired immunity, and
potential health deterioration.

Histopathological examination demonstrated clear

differences between treatment groups. Rats exposed
solely to bifenthrin showed epithelial erosion,
subepithelial oedema, inflammatory infiltrates and
vasodilation—findings aligned with acute pharyngitis.
These alterations are likely due to lymphoid tissue
activation in response to accumulated bifenthrin
vapours (Porter et al., 2011; Idang, 2019). In contrast,
rats administered only Zingiber officinale extract
presented normal pharyngeal architecture, indicating
that the extract is histologically safe.

The extract showed dose-dependent protection against
bifenthrin-induced pharyngeal injury. The 250 mg/kg
dose exhibited immunomodulatory effects, likely
enhancing mononuclear phagocyte system function
(Harrison, 1977; Okesola et al., 2019). The 500 mg/kg
dose produced more pronounced anti-inflammatory
effects, reducing inflammatory cell infiltration. Thus,
while the lower dose supported immune activation, the
higher dose demonstrated stronger anti-inflammatory
action.

The protective benefits of Zingiber officinale may be
attributed to bioactive compounds such as flavonoids,
saponins and alkaloids (Mukherjee ef al., 2010; Kumar
et al., 2011). Flavonoids are known to inhibit pro-
inflammatory cytokines including TNF-a, IFN-y, IL-18,
IL-6 and IL-12, and also possess antioxidant activity
(Mukherjee et al., 2010). Saponins may further
modulate immune responses and reduce oxidative
stress (Trinidad et al. 2012). These phytochemicals
likely contributed to the improved pharyngeal
architecture observed in the treated groups.
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These findings hold relevance for individuals regularly
exposed to bifenthrin, such as pesticide applicators and
pest control workers. Chronic exposure may predispose
them to respiratory and systemic alterations similar to
the patterns observed in the animal model.

The results are consistent with previous research that
highlights the respiratory-protective properties of
Zingiber officinale. For example, Jin et al., (2014)
reported attenuation of tracheal inflammation and
oxidative stress in mice exposed to wood smoke. These
effects may be associated with interactions involving
the NF-xB and Nrf2 pathways, which regulate
inflammation and antioxidant defenses.

Preventing bifenthrin-associated laryngitis requires
adherence to appropriate safety measures. These
include ensuring adequate ventilation during
application, avoiding spraying in enclosed spaces,
following label instructions, and refraining from eating,
drinking, or smoking during handling. Consistent use
of face masks and proper equipment maintenance are
also essential. Early recognition of exposure symptoms
and timely medical evaluation can minimize health
risks.

5. Conclusion

Zingiber officinale had ameliorative effects against
bifenthrin-induced superficial erosion of squamous
epithelium, subepithelial oedema, subepithelial
infiltrates of inflammatory cells, and vasodilatation in
the pharynx. Normal architecture of stratified
squamous epithelium and moderate sub-epithelial
infiltrates of inflammatory cells in tissues were seen to
be inversely proportional to the dosage as the results
were more desirable at lower doses (enhanced
immune-protection and anti-inflammatory effects) and
could be compared to the control group. Our results
therefore support that Z. officinale was valuable in
combating pharyngitis.
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