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Abstract

In recent years, growing interest in plant-derived therapeutics has led to studies of medicinal plants with
analgesic and anti-inflammatory activity. Azadirachta indica (Neem) and Holarrhena antidysenterica (Kutaj)
have been used medicinally in Ayurvedic and Unani medicine for inflammatory conditions, pain and
gastrointestinal diseases. The current review summarizes the phytochemical profiles, pharmacological effects,
and understanding of both plants. A. indica contains high concentrations of limonoids, flavonoids, and
phenolics that regulate inflammatory mediators such as prostaglandins, tumor necrosis factor-alpha (TNF-a),
and interleukins, and exhibit antioxidant and immunomodulatory properties. The anti-inflammatory, anti-
analgesic, and neuroprotective activity of H. antidysenterica is mediated by modulation of ion channels,
enzymatic pathways, and immune responses, a property attributed to the presence of steroidal alkaloids such
as conessine. The preclinical data show a dose-dependent anti-pain effect on paw edema and inflammatory
markers, similar to that of well-known chemical analgesics at high doses. These phytochemicals are synergic
and polypharmacological and are good candidates for alternative-based therapeutics. The review also
highlights the importance of standardization of extraction, pharmacokinetic characterization, and clinical
validation to guarantee the efficacy and safety of the use in human application.

Keywords: Azadirachta indica, Holarrhena antidysenterica, Analgesic activity, anti-inflammatory activity,
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Introduction

The use of conventional synthetic analgesics and anti-inflammatory drugs has many associated adverse effects,
including gastrointestinal toxicity and renal impairment, which warrants the search for safe botanical drugs
(Rao et al., 2016, p. 256). Azadirachta indica and Holarrhena antidysenterica are traditional medicinal plants
that have been shown to have anti-inflammatory and anti-nociceptive properties with promising effects on
inflammatory pathways and nociceptive responses (Alyas et al., 2023; Oktavia et al., 2022, p. 245). Holarrhena
antidysenterica has a dual effect on peripheral and central pathways of pain, but Azadirachta indica has shown
high efficacy in acute inflammatory models, and has been considered as a suitable alternative to aspirin as it
has fewer side effects (Kewlani et al., 2021; Bhuiyan et al., 2020; Ganapathy et al., 2010). Recent
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pharmacological studies have highlighted the ability of A. indica leaves to modulate nociception via ATP-
sensitive channel and opioid receptor pathways (Mali et al., 2019).

Ethnobotanical Profiles

Azadirachta indica, a member of Meliaceae family, is widely used in traditional Indian medicine for its
therapeutic versatility where it is used as a treatment for skin ailments, hypertension and a variety of infectious
diseases (Mali et al., 2019). In addition to the systemic applications, the phytochemical composition of the
plant (rich in flavonoids and phenolics) is responsible for its ability to modulate the activity of enzymes
involved in the inflammatory process, such as those of cyclooxygenase and lipoxygenase pathways (Mali et
al., 2019). Moreover, existing studies have shown that its constituents can actively influence key molecular
targets, including NF-kB, p53, and the PI3K/Akt signaling pathway, which are essential for anti-inflammatory
and (anti)cancer care, respectively (Mali et al., 2019). Historical use of Holarrhena antidysenterica for
gastrointestinal health has sparked interest in its potential synergistic effects with other bioactive plants to
optimize analgesic effects, highlighting the need for further research to better understand its therapeutic
mechanisms and clinical applications (Aggarwal et al., 2025).

Botanical Characteristics

Azadirachta indica is a medium-to-large sized evergreen tree with pinnate leaves and bitter drupe fruits with
the bioactive limonoids that give the tree its pharmacological properties (Hemdan et al., 2023, p. 2). Holarrhena
antidysenterica, on the other hand, is a member of the Apocynaceae family and is often used as a deciduous
shrub or small tree, rich in steroidal alkaloids, the compounds responsible for its traditional medicinal uses in
treating gastrointestinal inflammation and dysentery. The secondary metabolites in H. antidysenterica provide
an additional pharmacological basis that complements the enzyme-inhibitory activity of A. indica, particularly
in regulating prostaglandin-mediated inflammatory responses (Kewlani et al., 2021). In addition, the variety
of secondary metabolites allows the use of a comprehensive strategy for managing pain, which includes both
anti-oxidative and anti-inflammatory effects, by simultaneously targeting the expression of pro-inflammatory
mediators (Mali et al., 2019; Rao, 2026).

Traditional Medicinal Uses

In Ayurvedic and Unani systems, it is widely used and its leaves, bark and seeds are the main treatments for
pyrexia, dermal complications and inflammatory disorders (Alzohairy, 2016; Saleem et al., 2018). The wide
range of therapeutic activity is mainly due to the complex chemical composition, including azadirachtin,
nimbidin, and nimbolide, which are responsible for immunomodulatory and antioxidant activities (Goyal,
2026; Rao, 2026). The bioactive secondary metabolites work together to inhibit cyclooxygenase expression
and reduce cytokine production, thereby regulating inflammatory responses (Umar et al., 2014). On the other
hand, Holarrhena antidysenterica was traditionally used for diarrhoeal conditions and inflammatory bowel
disease, owing to its exclusive recipe of different alkaloids that helps to maintain the integrity of the gastric
mucosa (Gite & Abukalam, 2024; Loganathan et al., 2021, p. 119). In recent pharmacologic research, it was
also confirmed to be effective against systemic infections caused by pathogenic bacteria such as Escherichia
coli and Staphylococcus aureus (Bala et al., 2022, p. 221).

Phytochemical Composition

The therapeutic potentials of A. indica are attributed to its high contents of limonoids, saponins and flavonoids,
which are potent anti-inflammatory agents (Krishnaiah et al., 2009, p. 70; Kumatia et al., 2024, p. 3). By
contrast, the pharmacological activity of Holarrhena antidysenterica is mainly attributed to the presence of 68
alkaloids, including conessine, kurchine, and holarrhimine, which have remarkable anti-inflammatory and
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antioxidant properties (Kundu et al., 2024; Mohammad et al., 2025). These steroidal alkaloids have therapeutic
effects which involve modulating cholinergic signaling and also have a neuroprotective effect that goes beyond
their localized anti-diarrheal effects (Thawkar et al., 2024). Furthermore, the extracts modulate the
proinflammatory cell signaling and apoptotic pathways, thus giving broad mechanistic support to their use in
treating chronic immune-mediated disorders (Abba & Dogara, 2021, p. 16; Goyal6, 2026).

Phytochemical Compeosition
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Figure 1: Comparative Phytochemical Composition and Bioactivity Profile of Azadirachta indica and
Holarrhena antidysenterica

The figure illustrates the comparative phytochemical composition and key bioactive constituents of
Azadirachta indica (Neem) and Holarrhena antidysenterica. Neem is rich in limonoids, saponins, and
flavonoids such as nimbin, nimbidin, quercetin, and kaempferol, which contribute to its strong anti-
inflammatory, antioxidant, immunomodulatory, and enzyme-inhibitory effects. In contrast, Holarrhena
antidysenterica contains steroidal alkaloids including conessine, kurchine, and holarrhimine, which exhibit
potent anti-inflammatory, antioxidant, neuroprotective, and cholinergic-modulating activities. Together, the
two plants act through multiple molecular pathways, including COX/LOX inhibition, cytokine suppression,
oxidative stress reduction, and apoptotic regulation, supporting their traditional medicinal use for pain and
inflammatory disorders.

Active Secondary Metabolites

Limonoids like nimbin, nimbidin and azadirachtin are the key phytochemicals involved in the action of
Azadirachta indica that inhibit the expression of tumour necrosis factor alpha (TNF-a), interleukins (IL-6) and
intermediate nitric oxide (iNOS) (Aggarwal et al., 2011, p. 1603; Nagaraj & Samiappan, 2019, p. 1769).
Furthermore, flavonoids present in the plant matrix act as strong inhibitors of prostaglandin biosynthesis and
of specific enzymatic activities, such as protein kinases and phosphodiesterases, which directly affect
inflammatory signaling pathways (Alamry et al., 2024, p. 22018). Concurrently, the alkaloid content in
Holarrhena antidysenterica offers action through the regulatory of ion channels and enzymatic receptors, hence
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its significant role in reducing gastrointestinal-associated inflammatory upset. They play a role in modulating
host immune pathways, such as phagocytosis and MHC class II antigen expression (Alhazmi et al., 2021, p.
637561).

Pharmacological Activities

The anti-inflammatory and analgesic activity of Azadirachta indica is evident in its ability to inhibit protein
denaturation, as reported by Sambasivan (2025), who observed inhibition of up to 66.4% at certain
experimental concentrations. Furthermore, the presence of a major limonoid compound in the leaf extract,
called "gedunin," supports the attenuation of pain, pyrexia, and swellings by enhancing overall
immunomodulatory responses (E. et al., 2007, p. 2870). At the same time, the pharmacological testing of H.
antidysenterica revealed a high level of anti-inflammatory activity against the microbes, primarily due to the
synergistic effect of its steroidal alkaloids on markers of lipid peroxidation (Gumastha et al., 2026). In addition,
both plant species have strong antioxidant properties that prevent cell damage and A. indica has been reported
to show potential in chemopreventive pathways through its ability to induce apoptosis in malignant cell lines
(Ashok et al. 2024; Schumacher et al. 2010, p. 149).

Analgesic Potential Mechanisms

The peripheral and central regulation of nociceptive signaling involved in the analgesic effects of these
botanical agents is primarily attributed to the downregulation of prostaglandin E2 and the attenuation of
oxidative stress-induced neuroinflammation (Rajendran et al., 2024, p. 1). Further, molecular docking studies
have pointed out nimbolide and nimbandiol as active molecules which could inhibit the pro-inflammatory
cytokines, such as tumor necrosis factor (TNF-a) and interleukins (IL-6) (Khadam et al., 2024; Kumar et al.,
2025). Moreover, these phytochemicals have demonstrated efficacy and are known to inhibit the production
of cytokines and adhesion molecules, which are key components of the pathophysiology of chronic
inflammatory conditions (Anna et al., 2021, p. 257). Specifically, fruit extracts of A. indica have been shown
to exert anti-inflammatory effects by reducing paw edema in experimental models and to possess significant
analgesic properties, supporting the traditional use of A. indica for inflammatory distress (Razzak et al., 2025).

Antiinflammatory Efficacy Evidence

The bioefficacy of the extracts from the leaves of A. indica has been shown in vivo to significantly reduce paw
edema in carrageenan-induced inflammation and cotton pellet-induced granuloma formation in a manner
comparable to the current pharmacological standards (Kharwar et al., 2020, p. 909). Likewise, extracts of H.
antidysenterica have demonstrated potent antinociceptive and anti-inflammatory eftects in formalin- and acetic
acid-induced pain models, resulting in anti-inflammatory activity, such as suppression of local tissue swelling,
by neutralizing the phlogistic agents (Asiri et al., 2024, p. 1351827). In addition, empirical evidence indicates
that synergistic pharmacological interactions among these botanical extracts may lead to superior therapeutic
effects compared with any single extract (Anis et al., 2026). The observed effects are in line with the well-
established understanding that various phytochemical classes such as alkaloids, flavonoids, and terpenoids
exhibit polypharmacological action by modulating multiple components of the arachidonic acid cascade and
reactive oxygen species signaling pathways (Rudrapal et al., 2023, p. 8658; Sasidharan & J, 2021, p. 206).

Toxicological Safety Profiles

For an accurate assessment, the aforementioned phytochemicals should be evaluated for potential adverse
effects, such as hepatotoxicity or nephrotoxicity, that may occur with high-dose consumption (Aladejana,
2023, p. 957). Existing investigations have pointed out that parameters of toxicity that describe acute toxicity
(such as median lethal dose or prolonged sub-chronic exposure studies) are important to define safe therapeutic
windows for clinical application (Ibrahim et al., 2023, p. 415). In recent times, the need to standardize these
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plant products has been highlighted to reduce the risk of side effects from secondary metabolites, which is of

primary importance for integrating these botanical agents into contemporary therapeutic systems (Patil et al.,
2019, p. 4369).

Table 1: Toxicological Safety Profile of Azadirachta indica and Holarrhena antidysenterica

Holarrhena antidysenterica Literature

P t Azadirachta indi N
arameter zadirachta indica (Neem) (Kutaj) Evidence

Generally safe at therapeutic doses;|  Considered relatively safe in

Acute Toxicit .. . i
cute Toxicily toxicity observed only at very high | moderate doses; higher doses may

Ibrahim et al.,

LD50 . . 2023
( ) doses cause mild toxicity
Hepatotoxicit Rare cases reported with excessive Limited reports; generally low
P . Y or prolonged use; associated with P . 8 : Y Aladejana, 2023
Risk . hepatotoxic potential
high-dose extracts
Nephrotoxicity | No significant nephrotoxicity at No strong evidence of kidney .
i : ) . i i Patil et al., 2019
Risk normal doses; caution at high doses| toxicity in experimental studies

Long-term use may alter liver

Sub-chronic . .
enzymes and metabolic markers in

Mild physiological changes Ibrahim et al.,

Exposure high doses observed in prolonged use studies 2023
Safety Margin Wide therapeutic window at low— | Moderate safe.ty margin depending Aladejana, 2023
moderate doses on alkaloid concentration
Standardization | Required to avoid variability in Required due to variability in

. ) ) C ) ) ) Patil et al., 2019
Requirement limonoid content and toxicity risk | steroidal alkaloid concentration

. . . Combined

Overall Safety | Generally safe but dose-dependent | Generally safe with caution at high li(t):rlatllrllree
Profile toxicity possible concentrations

consensus

Adverse Effect Assessment

Excessive dosage of A. indica has been noted to cause transient alteration in the level of serum transaminase
while H. antidysenterica should be dosed carefully due to its potential for gastrointestinal irritation (Ezung et
al., 2024, p. 1680). As with any therapeutic, researchers state that a standardized extraction process should be
used to ensure the therapeutic index remains within non-toxic ranges (Vincent et al., 2024). In addition,
longitudinal studies are required to demonstrate the absence of systemic toxicity and the physiological stability
of these bioactive compounds over the duration of administration, for extended periods (Moraes et al., 2017,
p. 202; Uroko et al., 2023, p. 2). Given the diverse biological activities of these plants, the molecular
pharmacokinetic profile should be clarified in future pharmacological studies to optimize therapeutic efficacy
and reduce toxicity (Sherif et al., 2024, p. 1326483).

Future Research Perspectives

Further studies are required to elucidate the pharmacokinetic parameters and the exact molecular mechanisms
of these secondary metabolites to develop a standardized therapeutic guideline based on evidence from the
developed research (Semwal et al, 2023, p. 1257019). In particular, incorporating
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pharmacokinetic/pharmacodynamic (PK/PD) parameters, including maximum plasma concentration (Cmax)
and area under the concentration-time curve (AUC), will be crucial to defining a therapeutic window and
facilitating clinical translatability (Tie et al., 2025, p. 1657842). Additionally, investigators need to focus on
long-term safety monitoring and follow rigorous reporting guidelines, including the CONSORT statement, to
confirm the benefit-risk balance of these medicinal products (Wang et al., 2022, p. 154591). Future studies are
also required to include standardized microscopic analysis, physicochemical evaluation, and characterization
of the chemical fingerprints of these herbal products to improve the authentication and reliability of each batch
and ensure consistent efficacy (Noviana et al., 2022, p. 853038). Furthermore, understanding how the plant
interacts with drugs is crucial because some compounds can affect the mechanisms by which traditional
medicines are metabolized, potentially impacting patient safety (Balkrishna et al., 2024, p. 39). Furthermore,
it remains an urgent need to translate these promising preclinical results into proven clinical practice through
well-designed randomized controlled trials (Addissouky et al., 2023, p. 61; Attiq et al., 2017, p. 768).
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