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ABSTRACT: 
The present study was aimed at the formulation and 

evaluation of a herbal hydrogel containing 

Neolamarckia cadamba bark extract for its in-vitro 

anti-inflammatory activity. The bark was collected, 

shade-dried, powdered, and extracted using ethanol 

by the percolation method. The obtained extract was 

incorporated into a Carbopol 940-based hydrogel and 

evaluated for its physicochemical properties such as 

appearance, pH, homogeneity, spreadability, 

extrudability, washability, consistency, grittiness, 

moisture content, and phase separation. The anti-

inflammatory activity of the formulated hydrogel was 

assessed by the egg albumin denaturation method 

using diclofenac sodium as the standard drug. The 

formulation exhibited satisfactory physicochemical 

properties suitable for topical application. The test 

sample showed concentration-dependent inhibition 

of protein denaturation, with increased activity at 

higher concentrations. The study indicates that 

Neolamarckia cadamba bark extract hydrogel 

possesses promising in-vitro anti-inflammatory 

activity and may be considered as a potential herbal 

topical formulation for further investigation. 
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I. INTRODUCTION: 
Hydrogels are three-dimensional, 

hydrophilic networks of biocompatible, crosslinked 

polymers that have the capacity to absorb enormous 

amounts of water and expand and contract to offer 

regulated release of drugs[1]. Hydrogels can be made 

from synthetic polymers like polyvinyl alcohol 

(PVA), polyvinylpyrrolidone (PVP), or polyethylene 

glycol (PEG), or from natural ones like cellulose, 

alginate, chitosan, gelatin, and dextran. Hydrogel 

offers a significant benefit in terms of delivering 

herbal remedies due to their high biocompatibility 

and compatibility with herbal ingredients, 

demonstrates minimal toxicity, adjustable 

sustainability of release, can add components with 

different levels of hydrophilicity, and provide several 

herbal ingredients[2]. 

Hydrogels exhibit some restrictions, such as 

comparatively low mechanical strength and high 

production costs in some formulations, difficulties 

related to sterilization, as well as inadequate 

compliance with particular applications. 

Furthermore, hydrogels are capable of absorbing 

moisture from an exuding wound and provide 

dehydrated tissue with moisture. Hydrogels give 

wounds a moist environment, healing that have a high 

water content, are smooth and flexible, non-toxic, 

non-adherent, nonparticulate, and adequately 

oxygenated[3]. 

There are many uses for hydrogels in the 

fields of pharmaceutical, biomedical, and cosmetic 

fields. The treatment of a number of skin conditions, 

including psoriasis, eczema, acne, and fungal 

infections, could be completely transformed by 

sustained-release topical hydrogels[4]. They are 

especially helpful for long-term, patient-friendly 

treatment of chronic conditions like psoriasis. 

Additionally, because they can encapsulate different 

medications for individualized treatments, they 

improve patient adherence in conditions like fungal 

infections and acne. These herbal remedies lessen 

problems like dryness and irritation of the skin. 

Additionally, they have antimicrobial, antioxidant, 

and anti-inflammatory qualities that address 

underlying causes and symptoms for better overall 

skin health.[5] 

Localized drug delivery, avoiding hepatic 

first pass metabolism, and improved patient 

compliance are advantages of topical drug delivery 

systems for the treatment of skin conditions. 

Hydrogels are high in water, cooling, spreadable, and 

non-greasy, making topical formulations containing 

them ideal for dermatological applications[6]. 
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Inflammation is a complex biological and 

protective response of vascular tissues to harmful 

stimuli such as microbial infection, physical injury, 

chemical irritation, allergens, toxins, or damaged 

cells. It represents an essential component of the 

innate immune system and plays a crucial role in 

protecting the body against harmful agents. The 

primary objective of inflammation is to eliminate the 

cause of injury, remove damaged tissue, and initiate 

tissue repair. The inflammatory process involves a 

coordinated interaction between blood vessels, 

immune cells, inflammatory mediators, and various 

signaling molecules. During inflammation, 

vasodilation occurs, resulting in increased blood flow 

to the affected tissue. Increased vascular permeability 

allows plasma proteins and leukocytes to migrate 

from the bloodstream into the injured tissue, where 

they participate in defense and healing[7].       

The classical clinical signs of inflammation 

include redness (rubor), heat (calor), swelling 

(tumor), pain (dolor), and loss of function (functio 

laesa). These manifestations occur due to the release 

of inflammatory mediators such as histamine, 

prostaglandins, bradykinin, leukotrienes, cytokines, 

and chemokines[7].     

Although inflammation is beneficial in 

protecting the body, excessive or prolonged 

inflammatory responses can become harmful and 

contribute to the development of several chronic 

diseases such as rheumatoid arthritis, osteoarthritis, 

inflammatory bowel disease, asthma, psoriasis, 

cardiovascular diseases, diabetes mellitus, 

Alzheimer’s disease, and certain cancers. Effective 

control of inflammation is essential for preventing 

tissue damage and improving patient outcomes. 

Conventional anti-inflammatory drugs often produce 

adverse effects during long-term therapy. 

Researchers are increasingly focusing on medicinal 

plants that possess natural anti-inflammatory 

phytochemicals. Herbal formulations are considered 

promising alternatives because they may reduce 

inflammation while producing fewer undesirable 

effects[8]. 

Neolamarckia cadamba (Roxb.) Bosser, 

belonging to the family Rubiaceae, is a traditionally 

used medicinal plant. Is a well-known medicinal 

plant used in traditional Ayurvedic and folk medicine. 

Different parts of the plant, including the bark, 

leaves, flowers, fruits, and roots, are used for the 

treatment of various diseases. The bark is commonly 

used for the management of inflammation, fever, skin 

diseases, wounds, and pain. 

Cadambine and its derivatives, saponins, 

glycosides, triterpenoids, cadambagic acid, quinovic 

acid, and β-sitosterol are among the alkaloids found 

in the bark[9]. 

The plant has been reported to possess 

antioxidant, antimicrobial, analgesic, antidiabetic, 

hepatoprotective, anticancer, and wound-healing 

activities due to the presence of bioactive 

phytochemicals such as flavonoids, alkaloids, 

tannins, saponins, terpenoids, and quinovic acid 

derivatives. These pharmacological properties make 

Neolamarckia cadamba a promising medicinal plant 

for the development of herbal formulations, 

particularly topical preparations such as Hydrogel for 

the management of inflammatory conditions. 

 

II. METRIALS AND METHODS: 
3.1 Collection of Plant Material 

The bark of Neolamarckia cadamba was collected 

from kandhikuppam, Krishnagiri District, Tamil 

Nadu, India, during the month of March 2026. The 

collected bark was cleaned thoroughly with water to 

remove dust and other adhering impurities and was 

used for further processing. 

 

3.2 Identification and Authentication of Plant 

Material 

The collected plant material was botanically 

identified and authenticated by Dr. V. Ravi, Head of 

the Department, Department of Botany, Government 

Arts College for Men, Krishnagiri, Tamil Nadu, 

India. The collected sample was identified as 

Neolamarckia cadamba (Roxb.) Bosser, belonging to 

the family Rubiaceae. 

 

3.3 Preparation of extract by percolation method  

The bark of Neolamarckia cadamba was 

collected, washed thoroughly with distilled water, 

shade-dried, and powdered using a mechanical 

grinder. The powdered material was passed through a 

suitable sieve to obtain a uniform coarse powder. The 

weighed bark powder was moistened with sufficient 

ethanol and allowed to stand for about 4 hours. The 

moistened powder was then transferred into a 

percolator and packed uniformly without excessive 

compression. Fresh ethanol was added until the 

powder was completely immersed, and the mixture 

was macerated in the closed percolator for 24 hours. 

After the maceration period, the outlet of the 

percolator was opened, and the extract was collected 

at a slow and steady rate while fresh ethanol was 

added continuously to maintain the solvent level 

above the powder. Percolation was continued until 

complete extraction was achieved. The collected 

percolate was filtered and concentrated using a rotary 

evaporator or a water bath at controlled temperature 
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to remove the solvent. The concentrated extract was 

dried to obtain the crude extract and stored in an 

airtight container at 4°C until further use. 

 

3.4 PREPARATION OF HYDROGEL: 

        The ingredients required for the preparation 

of the herbal hydrogel were selected based on their 

pharmaceutical functions. Carbopol 940 was used as 

the gelling agent, propylene glycol as the solvent and 

humectant, triethanolamine as the neutralizing agent, 

methyl paraben as the preservative, distilled water as 

the vehicle, and Neolamarckia cadamba bark extract 

as the active herbal ingredient. Carbopol 940 was 

slowly dispersed in distilled water with continuous 

stirring using a magnetic stirrer and allowed to 

hydrate completely until a smooth, lump-free gel 

base was obtained. Neolamarckia cadamba bark 

extract was dissolved in propylene glycol with 

continuous stirring until a uniform solution was 

obtained. The prepared extract solution was added 

gradually to the hydrated Carbopol gel base with 

continuous stirring until a homogeneous hydrogel 

was formed. Triethanolamine was added dropwise 

while stirring continuously until the desired pH was 

achieved. The prepared herbal hydrogel was 

transferred into clean, dry, airtight containers, 

properly labeled, and stored at room temperature 

until further evaluation. 

 

III. PHYTOCHEMICAL SCREENING: 
 

S.NO PHYTOCHEMICAL TEST OBSERVATION INFERENCE 

 

   01. 

ALKALOIDS: 

Mayers Test: 

Take 2 mL of filtrate. Add 2–3 drops of 

Mayer's reagent. 

 

Formation of 

Cream/white precipitate. 

 

Alkaloids are present. 

 

 

  02. 

FLAVONOIDS: 

Alkaline Reagent Test: 

Take 2 mL of filtrate. Add 2–3 drops of 

10% NaOH. Then add 2–3 drops of dilute 

HCl. 

 

Yellow colour disappears 

after adding HCl. 

 

 

Flavonoids are 

present. 

 

 

  03. 

TANNINS: 

Ferric Chloride Test: 

Take 2 mL of filtrate. Add 2–3 drops of 5% 

Ferric chloride (FeCl₃) solution. 

 

Blue-black or green 

colour develops. 

 

 

Tannins are present. 

 

 

  04. 

SAPONINS: 

Foam Test: 

Take 2 mL of filtrate. Add 5 mL distilled 

water. Shake vigorously for 30 seconds 

and allow to stand for 5 minutes. 

 

 

 

Stable foam (about 1 cm 

or more) persists. 

 

 

 

Saponins are present. 

 

 

  05. 

CARBOHYDRATES: 

Molisch's Test: 

Take 2 mL of filtrate.Add 2 drops of 

Molisch's reagent.Carefully add 1 mL 

concentrated H₂SO₄ along the side of the 

test tube. 

 

 

 

A violet/purple ring 

appears at the junction. 

 

 

 

Carbohydrates are 

present. 

 

 

  06. 

PROTEINS: 

Biuret Test: 

Take 2 mL of filtrate. Add 1 mL of 10% 

NaOH. Add 2–3 drops of 1% CuSO₄ 

solution and mix gently. 

 

 

 

Violet or purple colour 

develops. 

 

 

 

Proteins are present. 

 

IV. PHYSIOCHEMICAL 

EVALUATION: 
1. Appearance 

The prepared Neolamarckia cadamba hydrogel is 

evaluated visually for its physical appearance, 

including color, clarity, consistency, and the presence 

of any lumps, air bubbles, or phase separation. A 

good hydrogel should appear smooth, homogeneous, 

and free from visible particulate matter. 

 

2. pH Determination 
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The pH of the hydrogel is measured using a calibrated 

digital pH meter to ensure compatibility with the 

skin. Approximately 1 g of the hydrogel is dispersed 

in 10 mL of distilled water before measurement. The 

ideal pH range for topical application is 5.5–7.0. 

3. Spreadability 

Spreadability is evaluated to determine how easily 

the hydrogel spreads over the skin surface. A known 

amount of hydrogel is placed between two glass 

slides, and a specified weight is applied. The ease and 

time required for the gel to spread are measured. 

4. Homogeneity 

The hydrogel is examined visually by gently pressing 

a small quantity between the fingers or on a glass 

slide to assess its homogeneity. A well-formulated 

hydrogel should exhibit a uniform texture without 

any coarse particles, aggregates, or phase separation. 

5. Moisture Content 

The moisture content of the hydrogel is determined 

by drying a known quantity of the formulation in a 

hot air oven at 105°C until a constant weight is 

obtained. This evaluation helps assess the water 

content of the hydrogel and predicts its physical 

stability during storage. 

6. Extrudability 

The test is carried out to evaluate the ease of 

expellation of the formulated hydrogel from the 

collapsible tube under low pressure. The prepared 

hydrogel was filled into a clean collapsible tube and 

pressed gently by hand with uniform hard pressure. 

The hydrogel coming out from the nozzle was 

observed. The formulation was evaluated based on 

the ease and smoothness of extrusion. 

7. Washability 

The test is conducted to determine the ease of 

removal of formulated hydrogel from the skin surface 

without leaving any sticky or oily residue. A small 

quantity of the prepared hydrogel was applied evenly 

to the skin and then washed with running tap water. 

The ease of removal was observed visually. 

8. Grittiness 

The test is performed to identify that the hydrogel is 

free from any coarse or gritty particles and ensures 

the gel with smooth texture for easy application on 

the skin. A small quantity of the prepared hydrogel 

was taken on fingertip and rubbed gently between the 

thumb and index finger to check the presence of gritty 

or coarse particles. 

9. Consistency 

The test is done to assess the thickness, firmness and 

uniformity of the gel and helps in stability measures. 

This will also prevent the issues like leakage, phase 

separation and poor application. It also provides 

proper drug delivery from the gel to the skin. 

10. Phase Separation 

A small amount of the prepared hydrogel was taken 

in a clean, transparent glass container and stored at 

room temperature. The formulation was observed at 

regular intervals for any signs of phase separation, 

such as oil separation, creaming, or the formation of 

separate layers. The formulation is considered to be 

stable if no phase separation had occurred. 

 

V. EGG ALBUMIN DENATURATION 

ASSAY:        
          The in-vitro anti-inflammatory activity of 

the test sample was evaluated by the egg albumin 

denaturation assay. Diclofenac sodium was used as 

the standard drug. Different concentrations of the test 

sample (1 mg, 10 mg, 50 mg and 100 mg) were 

prepared. For each test concentration, 0.2 mL of 1% 

egg albumin, 2 mL of the respective sample solution 

and 2.8 mL of phosphate buffer (pH 7.4) were mixed 

to obtain a total volume of 5 mL. For the standard, 

0.2 mL of 1% egg albumin, 2 mL of diclofenac 

sodium solution and 2.8 mL of phosphate buffer were 

mixed. The control consisted of 0.2 mL of 1% egg 

albumin, 2 mL of distilled water and 2.8 mL of 

phosphate buffer. All the prepared solutions were 

incubated at 37°C for 30 minutes. After incubation, 

the solutions were heated in a water bath at 70°C for 

15 minutes and then allowed to cool to room 

temperature. The absorbance was measured at 280 

nm using a UV–Visible spectrophotometer. The 

percentage inhibition of protein denaturation was 

calculated using the absorbance values.      The 

percentage inhibition of protein denaturation was 

calculated using the following formula 

Percentage inhibition (%) = [(Absorbance of 

Control –Absorbance of Test Sample)    

                                                        / Absorbance of 

Control] × 100 

VI. RESULT: 
The in-vitro anti-inflammatory activity of 

the formulated Neolamarckia cadamba bark extract 

hydrogel was evaluated by the egg albumin 

denaturation assay. The control showed an 

absorbance of 0.925. Diclofenac sodium used as the 

standard showed 80.54% inhibition at 100 mg 

concentration. The test formulation showed 44.65%, 

61.08%, 69.72%, and 77.29% inhibition at 

concentrations of 1, 10, 50, and 100 mg, respectively. 

The percentage inhibition increased gradually with 

an increase in concentration. The maximum 

inhibition was observed at 100 mg (77.29%), 

indicating that the formulated hydrogel possesses 

promising concentration-dependent in-vitro anti-

inflammatory activity. 
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S.NO 

 

SAMPLE 

 

CONCENTRATION 

 

 

ABSORBANCE 

 

 

%INHIBITION 

 

 

01. 

 

Standard 

 

100mg 

 

0.180 

 

80.54% 

 

02. 

 

Control 

 

100mg 

 

0.925 

 

_ 

 

 

 

03. 

 

Test 

1mg 0.512 

 

44.65 % 

10mg 0.360 

 

61.08 % 

50mg 0.280 

 

69.72 % 

100mg 0.210 

 

         77.29 %  

 

 

 
 

VII. CONCLUSION: 
The present study successfully formulated 

and evaluated a herbal hydrogel containing 

Neolamarckia cadamba bark extract for in-vitro anti-

inflammatory activity. The formulated hydrogel 

showed satisfactory physicochemical properties, 

indicating its suitability for topical application. The 

egg albumin denaturation assay demonstrated 

concentration-dependent inhibition of protein 

denaturation. Overall, the findings suggest that 

Neolamarckia cadamba bark extract hydrogel 

possesses promising in-vitro anti-inflammatory 

activity and may serve as a potential herbal topical 

formulation. Further studies are required to establish 

its efficacy and safety. 
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