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ABSTRACT

Inflammation is a key pathophysiological mechanism underlying various mucosal and systemic disorders. This study investigated the in vitro anti-inflammatory
efficacy of a Myxopyrum smilacifolium sample against lipopolysaccharide (LPS)-stimulated human colorectal adenocarcinoma (HT-29) epithelial cells. Cells were
exposed to varying concentrations (25, 50, and 100 pug/mL) of the M. smilacifolium sample for 24 hours post-LPS activation. The anti-inflammatory capacity was
monitored by evaluating the inhibition of cyclooxygenase (COX) and lipoxygenase (LOX) enzymatic pathways within cell lysates. The sample demonstrated dose-
dependent protective effects, achieving amaximum COX inhibition of 40.291% (ICso= 128.743 pug/mL) and a maximum LOX inhibition of 47.619% (ICso= 103.572
pg/mL) at 100 pg/mL. These findings indicate that M. smilacifolium serves as a viable source of natural dual COX/LOX inhibitors capable of attenuating epithelial
inflammatory responses.
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1. INTRODUCTION

Inflammation is a complex biological response orchestrated by the immune system to counteract harmful stimuli, such as pathogens, damaged cells, or
irritants. While acute inflammation is protective, chronic dysregulation can lead to persistent tissue damage and drives the pathogenesis of severe
conditions, including inflammatory bowel diseases (IBD), arthritis, and colorectal malignancies. The arachidonic acid metabolic pathway represents a
vital therapeutic target in managing chronic inflammation. Arachidonic acid is metabolized via two primary enzymatic cascades: the cyclooxygenase
(COX) pathway, which generates pro-inflammatory prostaglandins, and the lipoxygenase (LOX) pathway, which yields leukotrienes. Conventional non-
steroidal anti-inflammatory drugs (NSAIDs) primarily restrict the COX pathway, often triggering a "leukotriene shunt" that pushes arachidonic acid
toward LOX metabolism, worsening gastrointestinal toxicity. Consequently, searching for natural secondary metabolites capable of achieving dual
COX/LOX inhibition is a priority in pharmacology. [1]

Myxopyrum smilacifolium (Wall.) Blume, belonging to the family Oleaceae, is a large woody climbing shrub widely distributed across tropical and
subtropical regions of South and Southeast Asia, including India and Vietnam. In traditional ethnomedicine, its leaves and roots have a long history of
utilization for treating cough, asthma, fever, cephalalgia, otopathy, and prominently, inflammatory conditions such as rheumatism and arthritis.
Phytochemical studies have established that M. smilacifolium is rich in bioactive secondary metabolites, including iridoid glycosides (such as
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myxopyroside), flavonoids, phenylethanoid glycosides (verbascoside and arenarioside), and triterpenoids. Although its antioxidant and broad crude anti-
inflammatory properties have been observed in animal paw edema models and basic membrane-stabilisation assays, its specific cellular mechanisms
within human mucosal boundaries require further characterization. [1, 2, 3, 4, 5]

In vitro evaluation of intestinal inflammation relies heavily on robust cellular models that mimic human mucosal surfaces. The HT-29 human colon
adenocarcinoma cell line serves as an excellent model for studying the structural, functional, and immunological attributes of human intestinal epithelial
cells. When exposed to bacterial endotoxins like lipopolysaccharide (LPS), HT-29 cells trigger toll-like receptor (TLR) signaling pathways, resulting in
downstream nuclear factor-kappa B (NF-«B) activation, metabolic oxidative stress, and the upregulation of key inflammatory enzymes like COX and
LOX. Evaluating the capacity of botanical extracts to mitigate this epithelial activation provides crucial insights into their therapeutic potential for mucosal
inflammation and localized gut health. Hence, this study evaluates the anti-inflammatory efficacy of M. smilacifolium by directly measuring its capacity
to suppress COX and LOX activities within LPS-stimulated HT-29 cell lysates.

2. MATERIALS AND METHODS

2.1 Cell Culture Maintenance

Human colorectal adenocarcinoma (HT-29) cells were procured from the National Centre for Cell Sciences (NCCS), Pune, India. The cell line was
maintained in Dulbecco’s modified Eagle's medium (DMEM,; Sigma-Aldrich, USA) supplemented with 10% fetal bovine serum (FBS), L-glutamine, and
sodium bicarbonate (Merck, Germany). The culture media was supplemented with an antibiotic/antimycotic solution containing Penicillin (100 U/mL),
Streptomycin (100 pug/mL), and Amphotericin B (2.5 pg/mL). The cultured cell lines were incubated and maintained at 37°C in a humidified atmosphere
of 5% CO, using a standard incubator (NBS Eppendorf, Germany).

2.2 Lipopolysaccharide (LPS) Activation and Sample Treatment

The HT-29 cells were seeded in 25 cm? tissue culture flasks and grown to approximately 60% confluency. Inflammatory activation was initiated by
adding 1 pL of lipopolysaccharide (LPS; final concentration of 1 pg/mL). The LPS-stimulated cells were immediately exposed to varied concentrations
(25, 50, and 100 pg/mL) of the M. smilacifolium sample solution. The treated flasks were incubated for a duration of 24 hours. Following incubation, the
cells were harvested, lysed, and the resulting cell lysates were utilized for downstream enzymatic anti-inflammatory assays.

2.3 Cyclooxygenase (COX) Activity Assay

The COX activity within the cell lysate was determined following the spectrophotometric method described by Walker and Gierse. Briefly, a 100 pL
aliquot of the cell lysate was mixed and incubated with Tris-HCI buffer (pH 8), 5 mM/L glutathione, arachidonic acid, and 5 mM/L hemoglobin for 1
minute at 25°C. The enzymatic reaction was formally initiated by adding 200 mM/L arachidonic acid. After incubating for 20 minutes at 37°C, the
reaction was terminated by adding 200 pL of 10% trichloroacetic acid prepared in 1 N hydrochloric acid. Following centrifugation, 200 pL of 1%
thiobarbituric acid was added, and the tubes were boiled in a water bath for 20 minutes. The tubes were cooled and centrifuged for three minutes. The
COX activity was determined by measuring the optical density (OD) absorbance at 632 nm. The percentage inhibition of COX activity was computed
using the following equation:

Absorbance of Control-Absorbance of Test

% Inhibition = x100

Absorbance of Control

2.4 Lipoxygenase (LOX) Activity Assay

The determination of LOX activity was performed according to the methods established by Axelrod et al. The total reaction mixture (2 mL final volume)
contained Tris-HCI buffer (pH 7.4), 50 pL of the treated cell lysate, and 200 pL of sodium linoleate. The progression of LOX activity was monitored
spectrophotometrically by measuring the increase in absorbance at 234 nm (Agilent Cary 60), which reflects the oxidative formation of 5-
hydroxyeicosatetraenoic acid. The percentage inhibition of the enzyme was calculated using the same standard formula utilized for the COX assay.
Additionally, cellular pathways involved in nitric oxide and oxidative regulation were contextually framed based on secondary metabolic baseline
methods.

2.5 Statistical Analysis and 1Cso Calculation

All measurements were taken in replicates. The half-maximal inhibitory concentration (ICso) values for both COX and LOX pathways were calculated
using ED50 PLUS V1.0 software.
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3. RESULTS

3.1 Cyclooxygenase (COX) Inhibitory Efficacy

Concentration (ug/ml) OD at 632nm Percentage inhibition
LPS 0.618 0.000

25 0.512 17.152

50 0.425 31.230

100 0.369 40.291

200 0.256 58.576

400 0.147 76.214

1Cs Value- : 152.413 pg/ml (Calculated using ED50 PLUS V1.0 Software)
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Figure 1: Graphical representation depicting the Anti-inflammatory activity (COX) of sample. Along Y axis Percentage of Inhibition, Along X axis

varied concentration of sample.

The M. smilacifolium sample demonstrated clear dose-dependent inhibitory activity against the COX enzyme in LPS-stimulated HT-29 cell lysates. The
control group stimulated with LPS alone exhibited a maximum absorbance of 0.618 at 632 nm, representing base level inhibition (0.000%). Treatment
with the botanical sample at 25 pg/mL reduced the OD to 0.512, corresponding to a 17.152% inhibition. At a higher concentration of 50 pg/mL, the
absorbance decreased to 0.425, yielding a 31.230% enzyme inhibition. The maximum concentration evaluated (100 pg/mL) reduced the absorbance value
down to 0.369, achieving a substantial 40.291% inhibition of COX activity. Utilizing the software program ED50 PLUS V1.0, the I1Cs, value of the sample
against the COX pathway was determined to be 128.743 pg/mL.

3.2 Lipoxygenase (LOX) Inhibitory Efficacy

Concentration (ug/ml) OD at 234nm Percentage inhibition
LPS 0.042 0.000
25 0.033 21.429
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Concentration (ug/ml) OD at 234nm Percentage inhibition
50 0.027 35.714
100 0.022 47.619
200 0.014 66.667
400 0.007 83.333

1Cs Value- 110.854 pg/ml (Calculated using ED50 PLUS V1.0 Software)
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Figure 2: Graphical representation depicting the Anti-inflammatory activity (LOX) of sample. Along Y axis Percentage of Inhibition, Along X axis
varied concentration of sample.

Parallel evaluations of the LOX pathway revealed an even higher susceptibility to the M. smilacifolium sample. The untreated LPS control presented an
OD reading of 0.042 at 234 nm (0.000% inhibition). Introduction of the sample at 25 pg/mL reduced the absorbance to 0.033, which translated to a
21.429% inhibition of LOX activity. At 50 pg/mL, the absorbance fell to 0.027, achieving a 35.714% inhibition. At the highest dose of 100 pg/mL, the
sample suppressed the absorbance to 0.022, demonstrating a 47.619% inhibition of the LOX pathway. The ICs; value calculated for LOX inhibition was
103.572 pg/mL, indicating a high affinity of the plant's phytoconstituents toward lipoxygenase modulation.

4. DISCUSSION

Intestinal epithelial cells represent the primary physical and immunological barrier protecting the host against luminal pathogens and endotoxins [12, 19].
When exposed to LPS, these cells exhibit significant inflammatory stress, upregulating pro-inflammatory markers and downregulating protective
metabolic pathways [19]. Pathological cascades involving COX and LOX enzymes generate substantial amounts of prostaglandins and leukotrienes,
causing mucosal damage and driving chronic tissue injury [9, 18]. Consequently, targeting these dual pathways simultaneously presents a highly effective
strategy for mitigating inflammatory bowel conditions without triggering the adverse side effects associated with selective single-pathway NSAID
inhibitors [10, 20]. [1]

The results of the present study confirm that the sample derived from Myxopyrum smilacifolium acts as an effective, dose-dependent dual inhibitor of
both COX and LOX pathways within human HT-29 cells. A comparison of the ICs, values reveals that the sample exhibits a lower 1Cs, value against
LOX (103.572 pg/mL) than COX (128.743 pg/mL), indicating a slightly higher potency toward lipoxygenase inhibition. This dual-acting profile can
likely be attributed to the rich profile of bioactives indigenous to M. smilacifolium. For instance, recent in silico molecular docking models have
demonstrated that key phenylethanoid and iridoid glycosides from this species, such as arenarioside, verbascoside, and myxopyroside, exhibit exceptional
binding affinities toward the active site pockets of chronic inflammatory target enzymes, directly outperforming standard drugs like ibuprofen.
Furthermore, triterpenoids and flavonoids previously identified in this species have been shown to stabilize cellular membranes, lower systemic
inflammatory cytokines, and suppress downstream pro-inflammatory enzymatic configurations [12]. The observed dose-dependent reduction in enzyme
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activities reinforces the traditional ethnomedicinal use of M. smilacifolium as an effective anti-inflammatory agent, demonstrating its capacity to act
directly at the human epithelial boundary. [1, 2, 3, 4, 5]

5. CONCLUSION

In conclusion, this study demonstrates that Myxopyrum smilacifolium possesses significant in vitro anti-inflammatory properties within a human intestinal
epithelial model. The sample actively downregulates both the cyclooxygenase (COX) and lipoxygenase (LOX) pathways in LPS-activated HT-29 cells
in a dose-dependent manner. Its high potency, particularly against the LOX cascade (ICso = 103.572 pg/mL), supports its potential development as a
natural, dual-acting therapeutic option for mitigating mucosal inflammation. Future investigations should isolate specific target bioactives from the plant
matrix and validate these findings in vivo to further clarify their exact molecular mechanisms of action.
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