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ABSTRACT

Background: Allergic asthma is a global epidemic that significantly impacts the quality of life
for both adults and children. Inhaled corticosteroids are regarded as the primary treatment for
asthma, effectively alleviating symptoms over the long term; however, they do not adequately
address Type 2 inflammation, which can exacerbate the condition. Therefore, we sought to
evaluate the efficacy of koenigicine, a carbazole alkaloid, in mitigating Type 2 inflammation using
both an ovalbumin-sensitized animal model and an LPS-induced cell model. Materials and
Methods: BALB/c mice were sensitized with Ovalbumin+AIOH, and treated with koenigicine.
Bronchoalveolar lavage fluid and pulmonary tissue were excised to examine koenigicine impact
on Ova induced inflammation. Total and differential cell count, quantification of nitric oxide,
myeloperoxidase activity, eotaxin and Ova specific IgE were performed to analyze efficacy of
koenigicine against the inflammatory response induced due to Ovalbumin sensitization. Lipid
peroxidation and the antioxidant levels were quantified to evaluate the antioxidant effect
of koenigicine. To confirm the impact of koenigicine in mitigating Th2 inflammation the IL4,
IL5, IL-13 and the immunomodulators TNF-a and INF-y were quantified. Histopathological
examination of pulmonary tissue was performed to further assess the koenigicine efficacy in
asthmatic condition. Results: To evaluate the efficacy of koenigicine against the inflammatory
response induced by ovalbumin sensitization, we conducted total and differential cell counts,
measured nitric oxide levels, assessed myeloperoxidase activity and quantified eotaxin and
ovalbumin-specific IgE. Additionally, lipid peroxidation and antioxidant levels were assessed
to determine the antioxidant effects of koenigicine. We quantified interleukins IL-4, IL-5 and
IL-13, along with the immunomodulators TNF-a and INF-y, to confirm koenigicine's impact on
mitigating Th2 inflammation. Furthermore, histopathological examination of pulmonary tissue
was performed to further evaluate the effectiveness of koenigicine in an asthmatic context.
The cytotoxicity of koenigicine was investigated in RAW264.7 macrophages with MTT assay.
Koenigicine pretreated RAW264.7 macrophages were exposed to LPS stimulation and assessed
for inflammatory response. Conclusion: Koenigicine treatment demonstrated a significant and
effective response in both the animal and cell models. Our analysis confirms that koenigicine is
a safe and potent antioxidant that effectively reduces Th2 inflammation and alleviates allergic
asthma.
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Asthma is a global non-communicable epidemic which is marked
by recurring symptoms such as sibilant rhonchi, dyspnea,
tussis and thoracic constriction. These symptoms are linked to
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fluctuating airway blockage during expiration.! Globally, around
334 million individuals are suffering with asthma, creating it a
widespread health issue across different age groups, races and
ethnicities.> However, factors like socioeconomic status and
ethnicity influence its prevalence, severity and death rates,
particularly in the United States and other regions.? In accordance
to the World Health Organization, the number of people with
asthma may rise to 400 million by 2025, following current trends.*
Annually, asthma leads to about 250,000 premature deaths, most
of which are preventable.” Despite efforts to control the disease,
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the Global Initiative for Asthma (GINA) reports that asthma
continues to be a major public health issue, contributing to
premature death, reduced quality of life and substantial economic
costs for many countries.®

Asthma is predicted as a multiform condition concerning the
mechanisms that contribute to its morbidity. The controllable
aspects has been developed as an effective strategy to identify
underlying factors and tailor appropriate treatments for
individual patients.” A key trait that can be addressed is elevated
type 2 airway inflammation (type 2-high), which is marked by
eosinophilic inflammation in the airways and plays a significant
role in clinical issues for more than 50% of individuals with
asthma.® Persistent type 2 (Th2) inflammation leads to ongoing
damage to the epithelium, creating a cycle in which the
inflammatory response intensifies, worsening the devastating
medical condition associated with asthma.’

Recent classifications of the disease have identified two categories
based on the presence of type 2 inflammation: Type2-high and
Type2-low asthma. Type2-high asthma features eosinophilic
airway inflammation, indicated by elevated blood eosinophil
counts or increased levels of Fractional exhaled Nitric Oxide
(FeNO), while Type2-low asthma contains forms such as
neutrophilic asthma and paucigranulocytic asthma.'*! While
these situations are frequently treated as separate units, their
overlap is frequent and connected to collective obsessive
mechanisms.” Individuals with allergic asthma recurrently also
suffer from allergic rhinitis and those with rhinosinusitis and
nasal polyps often exhibit comorbid asthma. The presence of
these related conditions may result in the overuse of high-dose
(ICS) for asthma treatment and
inadequate disease management. As a consequence, nearly 10%

Inhaled Corticosteroids

of patients may suffer from severe exacerbations, decreased lung
function and a lower Quality of Life (QoL)."*** Therefore it is
need of today to formulate a drug which effectively attenuates
Th2 inflammation and ameliorates asthma and its comorbidities.
Consequently, there is an urgent need to develop a medication
that effectively reduces Th2 inflammation and improves asthma
symptoms along with its associated comorbidities.

Carbazole and its derivatives are a notable group of heterocyclic
aromatic compounds known for their effective electron and
charge transport properties,” leading to a variety of potential
antidiarrheal,

pharmacological  applications,

antimicrobial,’® antidiabetic,"” anticonvulsant, antioxidative,'®

including

antihistaminic, anti-inflammatory,” neuroprotective and
antitumor activities.”” Among these, carbazole alkaloids from the
Rutaceae family represent a significant class of naturally occurring
compounds. Initially isolated from Murraya koenigii, these
alkaloids exhibit potent antibacterial properties.* Traditionally,

Murraya koenigii has been utilized for its stimulant, febrifuge and
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analgesic effects.”” In this study, we assessed the effectiveness of
koenigicine, a carbazole alkaloid obtained from Murraya koenigii,
in mitigating allergic asthma.

MATERIALS AND METHODS

Chemicals

The major chemicals and reagents, including ovalbumin,
aluminium hydroxide, koenigicine, etc., were procured from
Sigma-Aldrich, USA. The kits for estimating the biochemical
markers were acquired from Therofischer Scintific, USA and
Cusabio, USA, respectively.

Animals

Female BALB/c mice (20-25 g) were used for the present study;
the mice were accommodated with the laboratory condition
prescribed by international standards for laboratory animals. The
mice had free access to rodent pellet diet and water. The induction
of asthma and the other procedures conducted on the animals
were authorized by the ethics committee, the animals were cared
for appropriately. with utmost care throughout the experiment
period.

Onset of Allergic asthma in rodent model

Mice were sensitized for asthmatic attack by administering
ovalbumin (10 mg/kg bwt) and aluminium hydroxide (1
mg/kg bwt). The asthmatic sensitizers were treated through
intraperitoneal injections on the day 0 and 5 of the experiment.

Grouping and Treatment regimen

Acclimatized animals were grouped into four each cluster
comprised of six healthy mice. Group I are control mice were
treated with saline throughout the treatment period. Group II
are mice were sensitized for asthma onset with OVA+Al (OH),
and did not received any other drug treatment. Group III mice
were sensitized for asthma onset with OVA+Al (OH),
treated orally with 10 mg/kg of koenigicine for 21 days. Group IV
mice were sensitized for asthma onset with OVA+Al (OH), and

and

treated orally with 2 mg/kg of standard anti-inflammatory drug
dexamethasone for 21 days. The mice were euthanized on the
subsequent day of last treatment. BALF was collected and lung
tissues were excised later for subsequent analysis.

BALF effusion

A polypropylene needle was carefully inserted into the trachea to
gradually introduce 1 mL of ice-cold phosphate-buffered saline.
The PBS was aspirated back and the procedure was repeated
thrice to collect Bronchoalveolar Lavage Fluid (BALF). The
collected BALF was then centrifuged at 5000 rpm for 5 min to
isolate the supernatant, which was subsequently preserved at
-80°C.
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BALF cell analysis

The cells collected from BALF was suspended again in 200 uL of
PBS and subjected to total cell count using haemocytometer after
staining with 0.4% trypan blue. The differential cell count was
done by staining the cells with Diff-Quik staining reagent. The
slides were observed for 200 cells and based on the morphology
the cells were identified and the number of each cells were
counted.

Assessment of Lung inflammation

The lung index of the untreated asthma sensitized animals and
the koenigicine treated asthma sensitized were analysed by
dividing the lung Mass (mg) of the animals to their body mass
(g). Further the inflammation induction in the experimental
animals were studied via estimating the levels of nitric oxide and
myeloperoxidase in the lung tissue

Quantification of Nitric oxide

Nitric oxide was measured in the pulmonary tissue supernatants
with Nitric Oxide Colorimetric Detection Kit (ThermoFisher
Scientific). The stable break down production nitrate and
nitrite were quantified to measure the levels of nitric oxide. The
final-coloured end product was measured at 570 nm.

Analysis of myeloperoxidase activity

Myeloperoxidase activity was analysed to estimate the level of
neutrophil induced inflammation in asthma sensitized ratsand the
ameliorative role of koenigicine against it. The test was conducted
as per the modified procedure.”® Hexadecyltrimethylammonium
bromide buffer was used to prepare tissue homogenate and
analyzed for myeloperoxidase activity. The end product was
measured at 460 nm.

Assessment of Ova-sensitized asthma onset

The onset of asthma in ova sensitized untreated and the drug
koenigicine and the dexamethasone treated animals were assessed
through estimating the levels of eotaxin and Ova Specific IgE
antibodies in the BALE The test was performed with the Mouse
Eotaxin ELISA kit and Mouse ovalbumin specific IgE, OVA sIgE
ELISA Kit obtained from Invitrogen and CUSABIO respectively.
The tests were done in triplicates as per the kit manual and the
absorbance was measured at 450 nm immediately after the
addition of stop solution.

Assessment of redox imbalance

The occurrence of oxidative insult due to ova sensitization and
the attenuating effect of koenigicine was examined via measuring
antioxidants levels and the lipid peroxidation in pulmonary
tissue of test subjects. The protocol of** was followed to assess the
malondialdehyde levels in the koenigicine treated ova sensitized
rats. Protocols of*? were followed to quantify the activity of
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superoxide dismutase, catalase and glutathione levels respectively.
The formation of red formazan crystals, resulting from the
reaction between superoxide radicals and p-iodonitrotetrazolium
violet, was quantified at 505 nm to assess SOD activity. Hydrogen
peroxide decomposition was measured for 2 min at 240 nm to
quantify catalase activity. The final reaction of lung homogenate
with DTNB Ellman’s reagent was measured at 412 nm to quantify
the levels of glutathione.

Assessment of Type 2 cytokines and
immunomodulators

The type 2 cytokines IL-4, IL-5 and IL-13 which are responsible
for bronchial asthma quantified in the
koenigicine treated and untreated ova sensitized animals using
the ELISA Kkits procured from ThermoFisher Scientific. The
immunomodulators TNF-a and INF-y were also measured to

induction was

confirm the anti-inflammatory activity of koenigicine against
ova sensitization. Mouse IFN-y ELISA Kit and Mouse Tumor
Necrosis Factor a ELISA Kit obtained from Sigma Aldrich were
used to quantify the levels of INF-y and TNF-a respectively.

Histopathological examination

Pulmonary tissue obtained from the experimental mice was
carefully rinsed with Phosphate-Buffered Saline (PBS) and then
fixed in 4% paraformaldehyde for 24 hr. Following fixation,
the tissue underwent dehydration using a series of increasing
concentrations of alcohol. Once dehydrated, the tissue was cleared
with xylene and subsequently embedded in paraffin wax. The
paraffin-embedded blocks were then sliced into 4-micron thick
sections using a microtome. These sections were deparaffinized
and stained with hematoxylin and eosin. Finally, the stained lung
tissue sections were examined using a light microscope.

Cell culture and Viability

RAW264.7 macrophages were grown in DMEM that was
supplemented with 10% Fetal Bovine Serum (FBS). The cells were
incubated at 37°C in an environment with 5% CO,. Viability of
the cells in the presence of koenigicine was assessed with
MTT assay. RAW264.7 macrophages were treated with various
concentration of koenigicine ranging from 0-50 pM and incubated
for 24 hr. The MTT assay was performed with the MTT assay kit
procured from Abcam. The final absorbance was read at 590 nm
and the percentage of cell viability was calculated.

Assessment of inflammation in LPS induced
RAW264.7 macrophages

Quantification of nitric oxide

RAW?264.7 macrophages were cultured on 24 well plate for the
quantification of nitric oxide. The cells were treated with 2.5, 5,
10 and 25 uM concentration of koenigicine an hour prior to LPS
induction. Later the cells were induced with LPS for 24 hr and the
supernatant of the cell culture was collected for the quantification
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of nitric oxide. The test was performed as the per the kit manual
using the Abcam NO colorimetric assay kit. The final absorbance
was quantified at 540 nm and the NO levels of the test samples
were calculated using the standard curve plot.

Quantification of inflammatory cytokines

TNF-a and IL-6 were quantified in the LPS induced koenigicine
treated RAW264.7 macrophages. The cell was cultured on 24 well
plates and pretreated with different concentrations of koenigicine
(2.5, 5, 10, 25 pM) for an hour and induced with LPS treatment
of 24 hr. The cells were subjected to sonication and centrifugation
at 4500 rpm for 5 min, supernatant was collected for the
quantification of TNF-a and IL-6. The levels of TNF-a and IL-6
were measured with ELISA kits procured from ThermoFisher.
The final absorbance was measured at 450 nm.

Statistical Analysis

A minimum of 3 independent experiments were conducted
for each condition and the results are expressed as mean
valuestStandard Deviation (+SD). Statistical analyses were
carried out using one-way Analysis of Variance (ANOVA), with
significance determined using SPSS version 18.0.

RESULTS

Impact of carbazole koenigicine on pulmonary
inflammatory cell infiltration

The infiltration of immune cells in the pulmonary region was
assessed to study impact of koenigicine against ovalbumin
triggered inflammation. The total and differential count of
leukocytes in the bronchoalveolar region of the koenigicine

treated Ova sensitized animals was estimated and the results
were represented in the Figure 1. The infiltration of lymphocytes
were significantly triggered by the Ova sensitization which was
evidenced with the increased number of leukocytes in the ova
sensitized untreated mice whereas treatment with koenigicine
and dexamethasone significantly decreased the infiltration
of immune cells. The BALF of asthmatic induced untreated
mice shown increased number of eosinophil and lymphocyte
infiltration than the neutrophil and macrophages. Koenigicine
significantly attenuated the infiltration of immune cells in Ova
sensitized mice.

Effect of carbazole koenigicine against inflammatory
induction in Ova sensitized animals

The lung index was measured in the koenigicine treated and
untreated Ova sensitized animals. The ova sensitization had
significantly increased the lung index to 1.46+0.0004 whereas
the koenigicine and dexamethasone treated animals exhibited
1.26+0.0002 and 1.1+0.0003 respectively. The lung indexes of
control animals were found to be 0.82+0.0005.

Koenigicine exposure considerably decreased nitric oxide levels
and myeloperoxidase activity to 287+0.2 umol/g and 52+0.06
U/g correspondingly compared to the ovasensitized untreated
animals which exhibited 306+0.9 pmol/g of nitric oxide and
54+0.07 U/g of myeloperoxidase activity. The dexamethasone
exposure also reduced nitric oxide levels and myeloperoxidase
activity to 254+0.4 pumol/g and 42+0.03 U/g respectively but
it is comparatively higher than the levels of control animals
which shown 122+0.7 pmol/g of nitric oxide and 32+0.03 U/g of
myeloperoxidase activity (Figure 2).
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Figure 1: Impact of carbazole koenigicine on pulmonary inflammatory cell infiltration. BALF was assessed for total and differential leukocyte
count of control, Ova sensitized asthma induced untreated animals, Ova sensitized asthma induced koenigicine and Ova sensitized asthma
induced dexamethasone treated animals. Number of total, eosinophils, neutrophils, macrophages and lymphocytes were counted. Results

are expressed as mean valuestStandard Deviation (£SD) of the triplicates. a-Control vs Other groups, b-Ova sensitized untreated vs
koenigicine treated and dexamethasone treated groups.
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Inhibitory effect of carbazole koenigicine on Eotaxin
and Ova specific IgE in Ova sensitized animals

Figure 3A illustrates the level of Eotaxin, protein secreted during
allergic condition which effectively mobilizes and activates
eosinophils in the Ova sensitized untreated and koenigicine
treated animals. Ova sensitization significantly enhanced eotaxin
levels to 1850+5.2 pg/mL compared to control animals (1275+2.5
pg/mL) whereas both the koenigicine and dexamethasone
treatment significantly attenuated the eotaxin production to
1670+4.5 pg/mL and 1430+3.2 pg/mL in Ova sensitized animals.

Ova specific IgE levels were increased to 364+0.9 ng/mL in
the Ova sensitized animals compared to the other groups
whereas treatment with koenigicine exhibited 292+0.5 ng/mL
and dexamethasone treatment shown 283+0.4 ng/mL in the
Ova sensitized animals. 215+0.6ng/mL of Ova specific IgE was
quantified in the control animals (Figure 3B).

Regulatory effect of carbazole koenigicine against
redox imbalance in Ova sensitized animals

Figure 4A depicts the malondialdehyde levels in the Ova
sensitized untreated and koenigicine treated animals. Koenigicine
treatment significantly attenuated the lipid peroxidation in Ova
sensitized animals which is depicted with decreased levels of
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MDA (1.42+0.0006 nm) than Ova sensitized untreated animals
(1.69+£0.0007 nm). The dexamethasone treated animals also
exhibited decreased levels of MDA (1.2+0.0002 nm) than the
Ova sensitized untreated animals. Control animals exhibited
significantly decreased MDA levels (0.85+0.0009 nm) than the
other experimental groups.

The antioxidants superoxide dismutase, catalase and glutathione
levels were quantified in the experimental animals and the results
were illustrated in the Figure 4B. Ova sensitization significantly
diminished the antioxidants levels whereas treatment with both
koenigicine and dexamethasone had significantly elevated the
levels of antioxidants in the Ova sensitized animals.

Immunomodulatory effect of carbazole koenigicine
in Ova sensitized animals

Figure 5 A depicts the levels of type 2 cytokines IL-4, IL-5
and IL-13 in Ova sensitized asthma induced untreated and
koenigicine treated animals. Ova sensitization had significantly
elevated the type 2 cytokines levels compared to the control
animals. Treatment with koenigicine in Ova sensitized animals
had reduced the levels of type 2 cytokines. Compared to IL-5 and
IL-13, the levels of IL-4 drastically increased in the Ova sensitized
animals. Treatment with both koenigicine and dexamethasone
had significantly reduced the IL-4, IL-5 and IL-13 intensities.

B
~ 400
& =
2
g 300+ #
] #
5 200
@
]
P
© 100
k]
= 0- T T
GroupI GroupII Group III Group IV
#
o
#

L 1
GroupI GroupII Group III Group IV

Figure 2: Effect of carbazole koenigicine against inflammatory induction in Ova sensitized animals. A) Lung index, B) Nitric oxide levels, C)
Myeloperoxidase activity of control, Ova sensitized asthma induced untreated animals, Ova sensitized asthma induced koenigicine and Ova
sensitized asthma induced dexamethasone treated animals. Results are expressed as mean values+Standard Deviation (+SD) of the triplicates.
a-Control vs Other groups, b-Ova sensitized untreated vs koenigicine treated and dexamethasone treated groups.
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Figure 3: Inhibitory effect of carbazole koenigicine on Eotaxin and Ova specific IgE in Ova sensitized animals. A) Eotaxin B) Ova specific IgE
levels of control, Ova sensitized asthma induced untreated animals, Ova sensitized asthma induced koenigicine and Ova sensitized asthma
induced dexamethasone treated animals. Results are expressed as mean values+Standard Deviation (+SD) of the triplicates. a-Control vs
Other groups, b-Ova sensitized untreated vs koenigicine treated and dexamethasone treated groups.
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Figure 4: Regulatory effect of carbazole koenigicine against redox imbalance in Ova sensitized animals. Malondialdehyde levels B)
Antioxidant levels-Superoxide dismutase, Catalase and glutathione levels of control, Ova sensitized asthma induced untreated animals,
Ova sensitized asthma induced koenigicine and Ova sensitized asthma induced dexamethasone treated animals. Results are expressed as
mean valuestStandard Deviation (+SD) of the triplicates. a-Control vs Other groups, b-Ova sensitized untreated vs koenigicine treated and
dexamethasone treated groups.

The immunomodulators TNF-a and INF-y levels were quantified
in the Ova sensitized untreated and koenigicine treated animals
and the levels were represented in the Figure 5B. Ova sensitization
had increased the TNF-a and decreased the INF-y levels than the
control animals. Treatment with koenigicine and dexamethasone
had significantly reduced the TNF-a level and enhanced the
INF-y in Ova sensitized animals.

Ameliorative effect of carbazole koenigicine in lung
histology in Ova sensitized animals

Histopathological analysis of control animals lung tissue
exhibited normal lung tissue architecture with neatly structured
alveolar spaces and slender bronchial walls (Figure 6). No sign of
inflammatory cells was identified (6A). Substantial inflammatory
alterations, edema, altered alveolar morphology and thickening
of the bronchial wall were observed in the Ova sensitized
untreated animals (6B). Ova sensitized animals treated with
koenigicine shown decreased inflammatory cells and the alveolar
cell disruption was reduced compared to the untreated Ova
sensitized animals (6C). Dexamethasone treated Ova sensitized
animals exhibited minimal number of inflammatory cells with
reduced edema and altered alveolar space (6D).
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Effect of carbazole koenigicine on RAW264.7
macrophages viability

RAW264.7 macrophages were treated with different doses of
koenigicine and the viability of cells after 24 hr incubation was
depicted in the Figure 7. Treatment with koenigicine doesn’t
exhibit much cytotoxic effect on the RAW264.7 macrophages
with doses upto 25 uM koenigicine treatment. Only 20% of cell
death was observed with highest dose 50 uM of koenigicine
treatment.

Anti-inflammatory effect of carbazole koenigicine on
LPS induced RAW264.7 macrophages

Koenigicine pretreated RAW264.7 macrophages was induced

inflammation with lipopolysaccharides and assessed for
inflammatory response (Figure 8). Treatment with koenigicine
significantly attenuated the levels of nitric oxide, inflammatory
stimulating cytokines TNF-a and IL-6 in dose dependent manner.
Control cells exhibited 1.7+0.0001, 375+2.5 pg/mL and 47+0.7
pg/mL of nitric oxide, TNF-a and IL-6 respectively. Stimulation
with LPS increased the nitric oxide, TNF-a and IL-6 levels to

3.4%0.0003, 635+1.2 pg/mL and 148+1.2pg/mL respectively. 25
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pM koenigicine pretreated cells stimulated with LPS exhibited
significantly reduced levels of 2.2+0.00008, 395+2.7 pg/mL and
6410.6 pg/mL of nitric oxide, TNF-a and IL-6 respectively.

DISCUSSION

Asthma is an enduring allergic ailment that affects a significant
portion of the global population, making it a prominent
non-transmissible disease impacting all age group. It is the
prevalent enduring ailment in children and is associated
with considerable morbidity, substantial
asthma-related healthcare costs.?®” For over three decades,
Inhaled Corticosteroids (ICSs) have been the mainstay of asthma

treatment, effectively reducing eosinophilic airway inflammation,

contributing to

improving symptoms and decreasing the frequency of asthma
attacks. Yet, about 2.5% of children and 10% of adults experience

poor responses to ICSs, resulting in severe asthma.***!

Asthma is classified into several endotypes based on factors
like age of onset, allergies and genetic factors. When asthma
appears after age 20, it is categorized as late-onset and is linked
to two endotypes: Type2 and non-Type2.*> While Type2 asthma
isn't as allergic as early-onset asthma, it is characterized by
elevated eosinophil levels, which can damage the respiratory
epithelium and trigger exacerbations. Eosinophils release toxic
proteins like Eosinophil Cationic Protein (ECP), contributing
to this damage.”** Therapies like mepolizumab, which target
the cytokine IL-5, have proven effective in reducing eosinophil
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Figure 5: Immunomodulatory effect of carbazole koenigicine in Ova sensitized animals. A) Type 2 Cytokines - IL-4, IL-5
and IL-13, B) Immunomodulators-TNF-a and INF-y levels of control, Ova sensitized asthma induced untreated animals, Ova
sensitized asthma induced koenigicine and Ova sensitized asthma induced dexamethasone treated animals. Results are
expressed as mean valuestStandard Deviation (£SD) of the triplicates. a-Control vs Other groups, b-Ova sensitized untreated
vs koenigicine treated and dexamethasone treated groups.
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Figure 6: Ameliorative effect of carbazole koenigicine in lung histology in Ova sensitized animals.
Representative images of HandE stained lung tissue sections of A) control, B) Ova sensitized asthma induced
untreated animals, C) Ova sensitized asthma induced koenigicine, D) Ova sensitized asthma induced
dexamethasone treated animals.

levels and exacerbations in T2 eosinophilic asthma patients.*
Additionally, dupilumab, an anti-IL-4 antibody, has exhibited
benefits in treating T2 asthma.’ Therefore in this assessment our
objective was to evaluate the potency of the carbazole alkaloid
drug koenigicine potency to attenuate cytokines linked to type2
inflammation in Ova sensitized asthmatic rodent model.

The central cytokines in Type 2 (T2) airway inflammation are
IL-4, IL-5 and IL-13. IL-4 is pivotal for the differentiation of
Th2 cells and switching of B cells to produce IgE, while IL-5 aids
in eosinophil differentiation, survival and recruitment to the
airways.” IL-13 causes airway smooth muscle constriction and
mucus production. Together, these cytokines drive inflammatory
cell migration to the airway, leading to tissue damage and airway
remodeling.’ Eosinophil recruitment and activation are primarily
influenced by IL-5 and eotaxins, with IL-4 further facilitating IgE
production and Th2 cells. Besides, Innate Lymphoid Cells type
2 (ILC2) can also produce IL-5 and IL-13, further contributing
to eosinophil recruitment.®® Koenigicine treatment in Ova
sensitized animals considerably enhance the IL-4, IL-5 and
IL-13 levels. There was also a notable reduction in eosinophilic
infiltration in BALF, along with a decrease in Ovalbumin (Ova)-
specific IgE and eotaxin levels. Koenigicine exposure also elevated
the INF-y and attenuated the TNF-a levels in the Ova sensitized
animals. This reduction may be attributed to the inhibitory
effect of koenigicine on type 2 inflammatory cytokines, which
ultimately alleviated the inflammatory response induced by
Ova sensitization. Furthermore, koenigicine treatment not only

Indian Journal of Pharmaceutical Education and Research, Vol 59, Issue 3, Jul-Sep, 2025

diminished eosinophilic infiltration but also appeared to inhibit
the infiltration of neutrophils and macrophages.

Oxidative stress is a significant factor for asthma pathogenesis,
primarily due to the excessive production of reactive oxygen
species.” This increase in ROS not only enhances the infiltration of
inflammatory cells, such as eosinophils, neutrophils, monocytes
and macrophages, into the lungs but also triggers the synthesis
of extracellular matrix proteins and elevates pro-inflammatory
cytokines in airway passages.***! Asthma is often characterized
by diminished antioxidant activity, contributing further to
oxidative damage.* In children with asthma, there is often a
marked increase in malondialdehyde, a biomarker for lipid
peroxidation, alongside lower glutathione levels.” Notably, higher
malondialdehyde levels correlate directly with asthma severity,
indicating a relationship between oxidative stress and symptom
intensity in asthma patients.** Given that koenigicine inhibited
the inflammatory cytokines IL-4, IL-5 and IL-13, we further
investigated its effects on scavenging oxidative stress, another
key factor in asthma pathogenesis. Treatment with koenigicine
decreased lipid peroxidation and enhanced antioxidant levels in
Ovalbumin-sensitized animals.

Further we analyzed nitric oxide levels and myeloperoxidase in
koenigicine treated ova sensitized animals to confirm the efficacy
of koenigicine against asthmatic attack. Nitric Oxide (NO) is
prime nitrogen species produced in the lungs; its autoxidation
with oxygen generates nitrite, which serves as a substrate for
Eosinophil Peroxidase (EPO) and Myeloperoxidase (MPO).*
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Figure 7: Effect of carbazole koenigicine on RAW264.7 macrophages viability. RAW264.7 macrophages
were treated with 0-50 pM concentration of koenigicine for 24 hr assessed of cell viability with MTT assay.
Results are expressed as mean values+Standard Deviation (+SD) of the triplicates.
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Figure 8: Anti-inflammatory effect of carbazole koenigicine on LPS induced RAW264.7 macrophages. A) Nitric Oxide

levels B) TNF-q, C) IL-6 levels of different concentrations of Koenigicine pretreated RAW264.7 macrophages stimulated

with lipopolysaccharides. Results are expressed as mean values+Standard Deviation (£SD) of the triplicates. a-Control
vs other groups, b-LPS stimulated untreated vs LPS stimulated treated with different concentrations of koenigicine.

Raised levels of EPO and MPO have been associated with the
activation of eosinophils and neutrophils, respectively, with
MPO activity correlating with asthma severity." NO can react
with superoxide to form peroxynitrite (ONOO~), a compound
capable of nitrating tyrosine residues, leading to damage to
various enzymes and proteins. Increased levels of NO have been
linked to asthma risk, greater asthma severity and an augmented
reaction to bronchodilators.” Koenigicine treatment significantly
and myeloperoxidase

reduced nitric oxide

activity, highlighting its potential as an effective candidate

production
for asthma treatment. Additionally, lung histopathological
analyses provided further evidence of koenigicine's efficacy in
alleviating type 2 inflammation-related pulmonary damage in
Ovalbumin-sensitized rats.

1050

Our in vitro analysis of koenigicine on RAW264.7 macrophages
demonstrated that koenigicine has no cytotoxic effects.
Additionally, it reduced the levels of the inflammatory cytokines
IL-6 and TNF-a induced by LPS stimulation. Cells pretreated
with koenigicine showed decreased nitric oxide production in
response to LPS, which aligns with our in vivo findings, where
nitric oxide levels were similarly inhibited in ova-sensitized
animals treated with koenigicine.

CONCLUSION

In this study, we investigated the efficacy of the carbazole alkaloid
koenigicine against asthmatic attacks using both animal and
cell models. Treatment with koenigicine significantly reduced
Type 2 inflammatory cytokines and inhibited the infiltration

Indian Journal of Pharmaceutical Education and Research, Vol 59, Issue 3, Jul-Sep, 2025
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of inflammatory cells into the lungs. The observed decrease in
Ovalbumin-specific IgE and eotaxin levels further demonstrated
koenigicine's potent anti-inflammatory effects. Additionally,
koenigicine effectively enhanced antioxidant mechanisms,
protecting pulmonary tissue from oxidative stress and its
associated consequences. In vitro analyses with LPS-stimulated
RAW264.7 macrophages confirmed that koenigicine is a
non-cytotoxic, potent anti-inflammatory agent. In conclusion,
koenigicine emerges as a promising and safe antioxidant that
effectively mitigates Type 2 inflammation, representing a potential
therapeutic option for alleviating allergic asthma. In addition,
further in-depth works are highly warranted in the future to
precisely understand the therapeutic mechanisms of koenigicine
against allergic asthma.
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SUMMARY

Asthma is a global non communicable epidemic which is marked
by recurring symptoms such as sibilant rhonchi, dyspnea, tussis
and thoracic constriction. Koenigicine treatment significantly
reduced nitric oxide production and myeloperoxidase activity,
highlighting its potential as an effective candidate for asthma
treatment. In vitro analysis of koenigicine on RAW264.7
macrophages demonstrated that koenigicine has no cytotoxic
effects. Additionally, it reduced the levels of the inflammatory
cytokines IL-6 and TNF-a induced by LPS stimulation.
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