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ABSTRACT 
Rheumatoid arthritis is a chronic inflammatory and 

autoimmune disorder characterized by pain, swelling, 

stiffness, and progressive damage to the joints. The 

increasing interest in natural products has encouraged 

the investigation of medicinal plants as potential 

sources of safer and effective therapeutic agents.  

The present study was undertaken to evaluate the in 

vitro anti-rheumatic activity of ethanolic extract of 

Annona squamosa seeds. The seeds were collected, 

authenticated, shade-dried, powdered, and extracted 

using ethanol. Preliminary phytochemical screening 

was performed to identify the various secondary 

metabolites present in the extract. 

The anti-rheumatic potential of the extract was 

evaluated by an in vitro protein denaturation 

inhibition assay, which is commonly used to assess 

anti-inflammatory activity. Different concentrations 

of the ethanolic seed extract were tested, and 

diclofenac was used as the standard drug. The 

percentage inhibition of protein denaturation was 

calculated and compared with the standard. The 

extract demonstrated concentration-dependent 

inhibition of protein denaturation, suggesting 

significant anti-inflammatory and potential anti-

rheumatic activity. 

The observed activity may be associated with the 

presence of bioactive phytoconstituents such as 

flavonoids, phenolic compounds, alkaloids, tannins, 

and other secondary metabolites. The findings 

indicate that Annona squamosa seeds could be a 

promising natural source for anti-rheumatic activity. 

Further in vivo and mechanistic studies are required 

to confirm its therapeutic potential and identify the 

active constituents responsible for the observed 

activity. 
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I. Introduction 
Rheumatoid arthritis is a chronic, systemic 

inflammatory disorder that mainly affects the joints 

and is characterized by pain, swelling, stiffness and 

progressive damage to joint tissues. Inflammation 

plays an important role in the development and 

progression of rheumatic diseases. Long-term 

inflammation can cause functional impairment and 

reduce the quality of life. 

Current anti-rheumatic and anti-

inflammatory drugs are effective in controlling 

symptoms and disease progression, but prolonged use 

may be associated with adverse effects. Therefore, 

research into medicinal plants and their bioactive 

constituents has gained importance as a source of 

potential therapeutic agents. 

Annona squamosa L., commonly known as 

custard apple, belongs to the family Annonaceae. 

Different parts of the plant, including leaves, fruits, 

bark and seeds, have been traditionally used for 

various medicinal purposes. The seeds contain 

several phytochemicals, including alkaloids, 

flavonoids, phenolic compounds, terpenoids, 

acetogenins and other secondary metabolites, which 

may contribute to their biological activities. 

Plant-derived phenolic and flavonoid 

compounds are known for their antioxidant and anti-

inflammatory properties. The presence of such 

constituents in A. squamosa seeds suggests that the 

seed extract may possess potential anti-rheumatic 

activity. One commonly used in vitro method for 

preliminary evaluation of anti-inflammatory potential 

is the inhibition of protein denaturation assay. Protein 

denaturation is associated with inflammatory 

processes, and inhibition of denaturation can 

therefore indicate possible anti-inflammatory 

activity. 

Hence, the present study is undertaken to 

evaluate the in vitro anti-rheumatic activity of 

ethanolic extract of Annona squamosa seeds, with the 

aim of assessing its potential as a natural source of 

anti-inflammatory and anti-rheumatic agents. 
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 Plant Profile: 

 

 
Fig no:1 Annona squamosa seeds 

Scientific Classification: 

Parameter - Classification 
Kingdom - Plantae 
Division - Magnoliophyta (Angiosperms) 
Class - Magnoliopsida (Dicotyledons) 
Order - Magnoliales 
Family - Annonaceae 
Genus - Annona 

Vernacular Name:  

English: Custard Apple, Sugar Apple, Sweetsop 

Tamil: சீதாப்பழம் (Seethapazham) 

Hindi: Sharifa 

Telugu: Seethaphalam 

Malayalam: Seethapazham 

Kannada: Seethaphala 

Sanskrit: Sitaphala 

 

II. Materials and Methods 
Collection and Authentication of Plant Material: 

Fresh, mature fruits of Annona squamosa L. were 

collected from the local market in erode, India. The 

seeds were separated from the fruits, washed 

thoroughly with distilled water to remove adhering 

pulp, and shade-dried at room temperature (25–30°C) 

for 10–15 days. The dried seeds were powdered using 

a mechanical grinder and stored in airtight containers 

until further use. 

The plant material should be authenticated by a Dr. P. 

Radha: Research Officer (Botany) Sci II, I/C; Siddha 

Medicinal Plants Garden / Mettur Dam, Tamil nadu-

636401. And a voucher specimen [A130526033S] 

was submitted at the SSM College Of Pharmacy, 

Erode (638312) Tamilnadu India.  

Preparation of Extracts by using Maceration 

Method: 

The ethanolic extract of Annona Squamosa L. seed 

was prepared by maceration method. 

Maceration is a simple, traditional solid-liquid 

extraction method used to isolate bioactive 

compounds from plant materials using an organic 

solvent.  

Principle: 

Maceration is a simple extraction technique in which 

the powdered plant material is soaked in a suitable 

solvent for a specified period at room temperature. 

The solvent penetrates the plant cells and dissolves 

the bioactive phytoconstituents. The extract is then 

filtered and concentrated to obtain the crude extract 

Procedure: 

Mature Annona squamosa seeds were collected, 

washed thoroughly with distilled water, and shade-

dried for 7–10 days. The dried seeds were powdered 

using a mechanical grinder and passed through a 40-

mesh sieve.100 g of the seed powder was accurately 

weighed and transferred into a clean, dry, amber-

colored glass container.1000 mL of 70% ethanol 

(1:10 w/v) was added to the container so that the 

powder was completely immersed in the solvent. The 

container was tightly closed and kept at room 

temperature for 72 hours (3 days) with intermittent 

shaking 3–4 times daily to ensure efficient extraction. 

After 72 hours, the mixture was filtered first through 

muslin cloth and then through Whatman No. 1 filter 

paper to obtain a clear filtrate. The filtrate was 

concentrated under reduced pressure using a rotary 

evaporator at 40–45°C to remove the solvent. The 

concentrated extract was further dried in a desiccator 

until a constant weight was obtained. The dried crude 

extract was weighed, and the percentage yield was 

calculated using the formula The dried extract was 

stored in an airtight, amber-colored container at 4°C 

until further phytochemical screening, antioxidant 

assays, and anti-arthritic studies. 

 

 
Fig no:2 Ethanolic extract of Annona Squamosa 
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In Vitro Anti-Arthritic Activity 

Protein Denaturation Assay Principle 

Protein denaturation is one of the major 

causes of inflammation. Under stress conditions such 

as heat, proteins lose their native three-dimensional 

structure, resulting in denaturation and aggregation. 

Anti-inflammatory agents prevent or reduce this heat-

induced protein denaturation by stabilizing the 

protein structure. In this assay, egg albumin is used as 

the protein source, and the ability of the plant extract 

to inhibit heat-induced denaturation is evaluated by 

measuring the absorbance at 660 nm using a UV–

Visible spectrophotometer. A higher percentage 

inhibition of protein denaturation indicates stronger 

anti-inflammatory activity. 

 

Procedure 

         The in-vitro anti-inflammatory activity of the 

test sample or extract (Abelmoschus esculentus Linn. 

fruit) was evaluated using the inhibition of the protein 

denaturation assay (Egg albumin assay). The 

ethanolic extract was prepared at different 

concentrations (500, 250, 100, 50 and 10 µg/ml) of 

test sample was compared with the standard drug 

Diclofenac sodium 50mg. For each concentration, 0.2 

ml of fresh egg albumin (obtained from a hen's egg), 

and 2.8 ml of Phosphate-buffered saline (PBS) at pH 

7.4 was mixed thoroughly. The final water was added 

to make up to 100 ml and then mixed. A control was 

prepared without the extract or test sample, while the 

standard consisted of Diclofenac sodium 50mg was 

used as a positive control prepared at the same 

without extract or test sample. All reaction mixtures 

were incubated at 37oC for 30 minutes and will be 

heated in a water bath at 70oC for 15 minutes to 

induce protein denaturation. After heating, the 

mixtures were allowed to cool to room temperature, 

and the absorbance of each sample was measured at 

660 nm using a UV-Visible spectrophotometer 

against a suitable blank. All the experiments were 

performed in triplicate, and the mean absorbance 

values were calculated. 

 

III. Observation and Result 
                   Preliminary phytochemical test of the 

ethanolic extract revealed the presence and absence 

of different primary and secondary metabolites. The 

ethanolic extract of Annona Squamosa (L.) seed was 

found to contain the presence of Carbohydrate, 

Alkaloids, Flavonoids, Tannins, Resin, Saponins and 

absence of Protein and Glycosides. 

 

Results of phytochemical screening 

S. No Phytochemical compound Test name Result 

1 Carbohydrate Molisch Test + 

2 Amino Acids and Proteins Ninhydrin Test + 

3 Tannins Lead Acetate Test + 

4 Steroids and Terpenoids Salkowski Test + 

5 Phenolic Compounds and Tannins Ferric Chloride Test + 

 

● The + ve symbol indicates the {Positive} 
● The – ve symbol indicates the {Negative} 
 

Discussion: 
The results revealed the presence of medically active compounds in the plant extract. Preliminary Phytochemical 

studies confirmed the purity of the drug. The Phyto chemical investigation of the extract showed that the presence 

of Carbohydrate, Alkaloids, Flavonoids, Tannin, Resin and Saponins. 

 

IN VITRO ANTI ARTHRITIC ACTIVITY BY PROTEIN DENATURATION ASSAY (EGG ALBUMIN 

ASSAY) 

 In vitro antioxidant activity by DPPH radical scavenging assay 

Tested sample concentration 

(µg/ml) 

OD Value at 660 nm (in triplicates) Mean value 

Control 1.113 1.073 1.013 1.066 

500µg/ml 0.468 0.464 0.469 0.467 

250 µg/ml 0.683 0.687 0.683 0.684 

100 µg/ml 0.788 0.784 0.789 0.787 
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50 µg/ml 0.881 0.884 0.881 0.882 

10 µg/ml 1.003 1.008 1.005 1.005 

Diclofenac Sodium 50mg 0.216 0.214 0.211 0.213 

 

 Percentage of inhibition of Protein denaturation assay (Egg albumin assay) 

Tested Sample Concentration 

(µg/ml) 

Percentage of Inhibition (in triplicates) Mean Value (%) 

Diclofenac Sodium 50mg 80.59 80.77 81.04 80.8% 

500µg/ml 57.95 58.31 57.86 58.04% 

250 µg/ml 38.63 38.27 38.63 38.51% 

100 µg/ml 29.20 29.55 29.11 29.28% 

50 µg/ml 20.84 20.57 20.84 20.75% 

10 µg/ml 9.88 9.43 9.70 9.67% 

 

 

 
Fig no:3 Graphical representation of percentage of inhibition 

in protein denaturation assay 

 

IV. Discussion 
The present study evaluated the in vitro 

antioxidant and anti-arthritic potential of ethanolic 

seed extract of Annona squamosa L. Preliminary 

phytochemical screening revealed the presence of 

carbohydrates, proteins/amino acids, tannins, 

steroids, terpenoids and phenolic compounds. These 

phytoconstituents, particularly phenolic and 

flavonoid compounds, may contribute to the 

antioxidant and anti-inflammatory activities of the 

extract. 

The anti-arthritic potential was assessed by 

the protein denaturation assay. The extract 

produced concentration-dependent inhibition of 

protein denaturation, increasing from 9.67% at 10 

µg/ml to 58.04% at 500 µg/ml. Diclofenac sodium 

showed higher inhibition of approximately 80.8%. 

The results indicate that the extract possesses 

appreciable anti-inflammatory potential, although it 

was less potent than the standard drug. Similar 

concentration-dependent inhibition of protein 

denaturation by A. squamosa fruit extract was 

reported by Aiswarya Lakshmi et al. (2023), 

supporting the anti-inflammatory potential of the 

plant.  

The antioxidant and anti-inflammatory 

activities observed in the present study may be 

relevant to arthritis, where oxidative stress and 

inflammatory mediators contribute to tissue damage 

and disease progression. The phytochemicals present 

in A. squamosa seeds may therefore act through free-

radical scavenging and modulation of inflammatory 

processes. However, the present investigation was 

limited to in vitro assays, and the active compounds 
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responsible for the observed effects were not 

individually identified.  

Overall, the findings demonstrate that 

ethanolic extract of Annona squamosa seeds 

possesses promising antioxidant activity and 

moderate anti-inflammatory/anti-arthritic 

potential. Further studies involving isolation of 

active constituents, mechanistic evaluation, toxicity 

studies and in vivo models are required to confirm its 

therapeutic potential. 

 

V. Conclusion 
The present study suggests that the ethanolic 

extract of Annona squamosa seeds possesses 

promising anti-rheumatic activity in vitro. The 

observed activity may be attributed to the presence of 

bioactive phytoconstituents such as flavonoids, 

phenolic compounds, alkaloids, and other secondary 

metabolites, which may help inhibit protein 

denaturation and inflammatory processes. The 

protein denaturation assay indicates that the extract 

has potential anti-inflammatory properties in a 

concentration-dependent manner. Therefore, Annona 

squamosa seed may serve as a potential natural source 

for the development of anti-rheumatic agents. Further 

studies, including in vivo and mechanistic 

investigations, are required to confirm its efficacy and 

establish its therapeutic potential. 
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