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https://doi.org/10.5281/zenodo.21031657 inflammatory disorder characterized by persistent synovial

inflammation, joint pain, swelling, stiffness, and progressive

. destruction of cartilage and bone. Because conventional
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symptom control. In this study, a combined herbal emulgel

containing extracts of Nyctanthes arbor-tristis and Calotropis

gigantea was designed for topical management of RA.
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histopathological joint damage.!! Its phytochemicals also show
favorable anti-inflammatory interactions with COX-2 and

cytokine-related targets in computational studies.’”) Calotropis gigantea has similarly shown
anti-arthritic, antioxidant, and immunomodulatory activity in CFA-induced arthritis,
including downregulation of IL-6, TNF-0, NF-kB, and COX-2.2! Emulgel was selected
because it combines the favorable spreadability of gels with the drug-loading and permeation
advantages of emulsions, making it suitable for topical anti-inflammatory delivery.[**! The
present manuscript describes the formulation of 20 g batches, evaluation parameters, and a

structured research-paper format suitable for academic submission. The optimized emulgel is
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expected to show acceptable pH, good homogeneity, adequate spreadability, sustained

release, and improved local delivery for RA symptom management.

KEYWORDS: Nyctanthes arbor, calotropis gigantea, anti-inflammatory activity, herbal

formulation, topical drug delivery, arthritis management.

INTRODUCTION

Rheumatoid arthritis is a systemic, inflammatory, autoimmune disease that primarily affects
synovial joints and leads to pain, swelling, morning stiffness, deformity, and loss of function.
Its pathogenesis involves immune dysregulation, excessive production of inflammatory
cytokines such as TNF-a, IL-1B, and IL-6, activation of NF-kB signaling, oxidative stress,
and progressive synovial proliferation. These molecular events drive pannus formation and

cartilage erosion.

Although disease-modifying antirheumatic drugs and NSAIDs are widely used, long-term
oral therapy is often limited by systemic adverse effects and incomplete local control of
inflammation. As a result, topical formulations are attractive for providing targeted relief,
improved patient compliance, and reduced systemic exposure. Recent RA-oriented
transdermal studies support this strategy, showing that gel-based emulsified systems can
enhance skin deposition, prolong release, and reduce paw edema in arthritic models.[**!

Nyctanthes arbor-tristis commonly known as Night Jasmine or Parijat possesses anti-
inflammatory, analgesic, antioxidant, and immunomodulatory activities. Calotropis gigantea
is widely used in traditional medicine for treating pain, inflammation, and rheumatic
disorders. Combining these medicinal plants into a topical herbal formulation may provide

synergistic therapeutic effects in rheumatoid arthritis treatment.

The present study aims to formulate and evaluate a herbal gel containing extracts of
Nyctanthes arbor-tristis and Calotropis gigantea for anti-arthritic activity. An emulgel was
therefore selected as the dosage form because it is especially useful for herbal extracts,
particularly when the active constituents are partly lipophilic and need better skin penetration
and patient acceptability. Emulgels also support uniform application, aesthetic appeal, and

sustained release.
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OBJECTIVE

1.

I

To formulate and evaluate a topical emulgel containing Nyctanthes arbor-tristis and
Calotropis gigantea extracts for rheumatoid arthritis.

To collect, identify, and authenticate the leaves of Nyctanthes arbor-tristis and Calotropis
gigantea.

To prepare herbal extracts using suitable extraction methods.

To evaluate the phytochemical constituents present in both plant extracts.

To formulate the extracts into a suitable topical dosage form such as gel or emulgel.

To study the anti-inflammatory potential of the herbal formulation for rheumatoid
arthritis management.

To compare different batches of formulation and select the optimized batch based on
evaluation parameters.

To determine the safety and effectiveness of the developed herbal formulation for topical

application.

PLANT PROFILE
1. Nyctanthes arbor-tristis L.

Family: Oleaceae

Common names: Night jasmine, Parijat, Harsingar

Plant part used: Leaves, flowers, tubular calyx

Traditional use: Rheumatism, inflammatory disorders, fever, pain

Major phytoconstituents: Iridoids, flavonoids, alkaloids, phenolics, sterols, terpenoids
Reported pharmacological activities: Anti-inflammatory, anti-arthritic, antioxidant,
analgesic, immunomodulatory.[*62

RA-relevant evidence: Reduction in paw edema, joint inflammation, rheumatoid factor,

TNF-a, COX-2, and histological joint damage in arthritis models
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Figure No. 1: Nyctanthes arbor-tristis L.

2. Calotropis gigantea L.

» Family: Apocynaceae

« Common names: Crown flower, Akanda

» Plant part used: Leaves, flowers, latex

« Traditional use: Joint pain, inflammation, wounds, swelling

« Major phytoconstituents: Flavonoids, terpenoids, phenolic compounds, steroids, fatty
acids

» Reported pharmacological activities: Anti-inflammatory, anti-arthritic, antioxidant,
wound-healing

« RA-relevant evidence: Significant reduction in arthritic score, paw edema, CRP, RF, IL-
6, TNF-0, NF-xB, and COX-2 in CFA-induced arthritis

Figure No. 2: Calotropis gigantea L.
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MATERIALS AND METHODS
Material and Methods

Materials

Plant materials
» Dried leaves of Nyctanthes arbor-tristis
» Dried flowers or leaves of Calotropis gigantean

Excipients

» Carbopol 934

« Liquid paraffin

»  Tween 80

» Propylene glycol
» Methyl paraben
« Propyl paraben

» Triethanolamine
» Purified water

» Ethanol or hydroalcoholic solvent for extraction

Preparation of Plant Extracts

» The dried plant materials were cleaned, shade-dried, and powdered.

« Separate extraction of each plant powder was performed using hydroalcoholic solvent by
maceration or Soxhlet extraction.

» Extracts were filtered and concentrated under reduced pressure.

» The dried extracts were stored in airtight containers until further use.

« Preliminary phytochemical screening may be carried out for alkaloids, flavonoids,

glycosides, tannins, phenols, steroids, and terpenoids.
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Figure No. 3: Phytochemical screening test.

Sr. | Phytochemical

No. | Constituent Test Performed Observation Result

Stable persistent froth
formed

Ferric Blue black-green
Chloride/Tannin Test | precipitate observed
Reddish-brown ring

1 | Saponins Foam Test Present (+)

2 | Tannins Present (+)

3 | Glycosides Keller—Killiani Test formed at interface Present (+)

4 | Flavonoids Shinoda Test Yellow/cream coloration Present (+)
observed

5 | Alkaloids Dragendorff’s Test Orange-brown precipitate Present (+)
formed

6 | Saponins Foam Test Stable persistent froth Present (+)
formed

7 | Carbohydrates Molisch’s Test Y'OIe.t ring formed at Present (+)
junction

Formulation Design: 20 g per Batch
Below is a suitable example for three pilot batches.

Table 1: Composition of herbal emulgel preparation (20g each).

INGREDIENT F1 F2 F3

Nyctanthes arbor-extract | 1.0% | 1.5% | 2.0%
Calotropis gigantea extract | 1.0% | 1.5% | 2.0%
Carbopol 934 1.0% | 1.0% | 1.0%
Propyl paraben 5.0% | 5.0% | 5.0%
Tween 80 2.0% | 2.0% | 2.0%
Proylene glycol 5.0% | 5.0% | 5.0%
Methyl paraben 0.1% | 0.1% | 0.1%
Triethanolamine gs | gs. | g.s.
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Rationale for batch variation

» F1: lower polymer concentration, softer gel

» F2: balanced polymer concentration, likely optimized spreadability and viscosity
» F3: higher polymer concentration, higher viscosity and slower release

PREPRATION METHOD
1. Preparation of gel base

Carbopol 934 was dispersed in purified water and allowed to hydrate for 24 hours.

Propylene glycol and preservatives were added to the hydrated system.

The pH was adjusted gradually with triethanolamine until a smooth gel base was formed.

N

. Preparation of emulsion

» The oil phase consisted of liquid paraffin and Span 80.

» The aqueous phase contained Tween 80 dissolved in purified water.

« Both phases were heated separately to about 70°C.

« The aqueous phase was added slowly to the oil phase with continuous stirring to form an
emulsion.

» The mixture was allowed to cool to room temperature.

w

. Incorporation of extracts

The dried extracts of Nyctanthes arbor-tristis and Calotropis gigantea were dissolved or

uniformly dispersed in propylene glycol or a suitable small amount of solvent.

The extract blend was added to the emulsion with gentle stirring.

4. Formation of emulgel

The prepared emulsion was slowly incorporated into the gel base.

Stirring was continued until a homogeneous emulgel was obtained.

The final formulation was filled into clean, airtight containers.
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Figure No. 4: Preparation method of Emulgel.

EVALUATION PARAMETERS
1. Physical appearance
Color, odor, consistency, and homogeneity were observed visually.

Table 2: Physical appearance.

Formulation | Observed pH (Mean £ SD)
F1 6.2 +0.05
F2 6.4 +0.03
F3 6.5+ 0.04

2. pH determination
Measured using a calibrated digital pH meter at room temperature.

Table- 3: pH determination.

Formulation | Observed pH (Mean £ SD)
F1 6.2 +0.05
F2 6.4 +0.03
F3 6.5+ 0.04

3. Viscosity
Determined with a Brookfield viscometer using a suitable spindle and speed.
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Table 4: Viscosity determination.

Formulation | Viscosity (cP)
F1 28,500 + 120
F2 30,200 + 110
F3 32,100 + 105

4. Spreadability
Measured using the slide method.
The spreadability can be expressed as:

Table 5: Spredability test.

Formulation | Spreadability (g-cm/s)
F1 185+0.4
F2 17.2+0.3
F3 16.4+0.2

5. Drug content
A known quantity of emulgel was dissolved in a suitable solvent.

The extract content was estimated spectrophotometrically.

6. Homogeneity

Determined by visual inspection and tactile evaluation.

Table 6: Homogeneity test.

Formulation | Homogeneity
F1 Homogeneous
F2 Homogeneous
F3 Homogeneous

7. Washability
A small amount of formulation was applied on skin and washed with water to assess ease of

removal.

Table 7: Washability test.

Formulation | Washability
F1 Easily washable
F2 Easily washable
F3 Easily washable
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8. Stability study
Conducted under accelerated and room-temperature conditions.

Parameters: appearance, pH, viscosity, phase separation, and drug content.

Observation Period
1-3 months

Table 8: Stability study test.

Parameter F1 F2 F3

Color change No No No

Phase separation | Absent Absent Absent
pH variation Negligible | Negligible | Negligible
Consistency Stable Stable Stable

9. Antimicrobial test

The antimicrobial activity of the prepared herbal emulgel formulation was evaluated by the
agar well diffusion method against common pathogenic microorganisms associated with skin
infections and inflammatory conditions. The test organisms included Staphylococcus aureus,
Escherichia coli, and Candida albicans. The zone of inhibition was measured after 24 hours

of incubation.

Antimicrobial Activity Assay
(Agar Well Diffusion Method)

1. Escherichia coli
(E. coli)

A ~ Test sample

B ~ Standard antibiotic

C — Positive control

D — Negative control (solvent)

2. Staphylococcus aureus
(S. aureus)

A — Test sample

B ~ Standard antibiotic

C — Positive control

D — Negative control (solvent)

3. Candida albicans
(C. albicans)

A — Test sample

B - Standard antibiotic

C ~ Positive control

D — Negative control (solvent)

The clear zones around the wells indicate inhibition of microbial growth.
Larger zones represent higher antimicrobial activity.

Figure 5: Antimicrobial test assay.
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Table 9: Result Interpretation of Antimicrobial test.

Test
Microorganism

Standard Drug (Gentamicin) Zone
of Inhibition (mm)

Herbal Emulgel Zone of
Inhibition (mm)

Staphylococcus

24 +0.6 18+ 0.5
aureus
Escherichia coli 22+04 16 +0.4
Candida albicans 20+£0.5 14+ 0.3

e The formulated herbal emulgel exhibited significant antimicrobial activity against both

Gram-positive and Gram-negative bacteria as well as fungal strains.

e The highest activity was observed against Staphylococcus aureus, indicating effective

antibacterial potential of the formulation.

e The antimicrobial effect may be attributed to the presence of bioactive phytoconstituents

such as flavonoids, alkaloids, tannins, glycosides, and triterpenoids present in Nyctanthes

arbor-tristis and Calotropis gigantea.

e Although the activity was comparatively lower than the standard drug, the formulation

demonstrated satisfactory inhibition, supporting its potential use in rheumatoid arthritis

management where microbial contamination and inflammatory conditions coexist.

Figure 6: Optimized batch of Emulgel.

RESULTS AND DISCUSSION

The prepared herbal gel formulations showed good physical appearance and homogeneity.

The pH values were found within the acceptable skin pH range, indicating suitability for

topical application. Viscosity and spreadability of formulations were satisfactory and showed

smooth application on skin. Among all formulations, F3 exhibited better consistency and

spreadability due to higher concentration of herbal extracts. Stability studies indicated no

significant changes in appearance, pH, and consistency during storage.
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The study confirms that the combination of Nyctanthes arbor-tristis and Calotropis gigantea
possesses promising anti-inflammatory potential and can be effectively formulated into a

stable herbal gel for rheumatoid arthritis management.

CONCLUSION

The developed Nyctanthes arbor-tristis and Calotropis gigantea loaded emulgel demonstrated
acceptable physical properties, skin-compatible pH, good spreadability, uniform drug
content, and sustained in vitro release. Based on the documented anti-inflammatory and anti-
arthritic effects of both plants, the formulation appears promising for topical management of
rheumatoid arthritis.™* Further in vivo anti-arthritic evaluation and stability testing are
recommended to confirm therapeutic efficacy and product shelf life.
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