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Ricinus communis is a fairly important medicinal plant that has been widely recognized 

due to its wide range of pharmacological effects and rich phytochemical composition. 

This critical analysis aims to explore the bioactive compounds in Ricinus communis and 

critically evaluate its pharmacological characteristics based on available literature in the 

scientific community. The species is a rich source of biologically active compounds, 

including alkaloids, flavonoids, saponins, phenols, and especially the cytotoxic protein 

ricin, which has been of significant interest because of its dual therapeutic/toxicological 

properties. Pharmacological research on its biological properties has shown a wide 

spectrum of anti-inflammatory, analgesic, antimicrobial, antioxidant, hepatoprotective 

and anticancer effects. The castor oil is obtained by extraction of the seeds and has 

particular importance in the purgative, wound-healing and dermatological applications. 

Recent studies also highlight its possible role in the regulation of immune processes and 

 

INTERNATIONAL JOURNAL OF  

PHARMACEUTICAL SCIENCES 

[ISSN: 0975-4725; CODEN(USA): IJPS00] 

Journal Homepage: https://www.ijpsjournal.com 

 

Review Article  

Exploring Ricinus communis Bioactive Compound and Pharmacological 

Insights: A Comprehensive Review 

Prakash Pralhad Sarwade
1

, Kavita Narayan Gaisamudre (Sarwade)*
2

, Snega 

Boopathy
3

, Arti Kumari
4

, Shakthi L
5

, Mohammed Numan Ahmed
6

, M. Geetha
7 

1Associate Professor and Head, Department of Botany, Shikshan Maharshi Guruvarya R. G. Shinde 

Mahavidyalaya, Paranda Dist. Dharashiv Osmanabad, 413502, (M.S.) India. 
2Assistant Professor, Department of Botany, Shriman Bhausaheb Zadbuke Mahavidyalaya, Barshi Tal. Barshi, 

Dist- Solapur 413401 Maharashtra, India. 
3Department of Pharmaceutics, Saveetha College of Pharmacy, Saveetha Institute of Medical and Technical 

Sciences, Saveetha Nagar, Thandalam, Chennai, Tamil Nadu -602105, India. 
4Department of Pharmacology, Assistant Professor, Faculty of Medical Science and Research, Sai Nath 

University, Ranchi, Jharkhand-835219, India. 
5Department of Pharmacology, Dr.M.G.R.Educational and Research Institute, Velappanchavadi, Chennai-

600077, India. 
6Department of pharmacy, College of Pharmaceutical Sciences, Dayananda Sagar University, Bangalore, India. 
7Assistant professor, Department of Microbiology, Sri bharathi arts and science college for women, Kaikkurichi, 

Pudukkottai, India. 

ARTICLE INFO                              ABSTRACT                      
Published:  20 Apr 2026     

Keywords: 

Ricinus communis, 

phytochemistry, ricin, 

pharmacological activity, 

medicinal plants, bioactive 

compounds   

  DOI:    

10.5281/zenodo.19673823 

 

 

 

 

https://www.ijpsjournal.com/


Kavita Narayan Gaisamudre (Sarwade), Int. J. of Pharm. Sci., 2026, Vol 4, Issue 4, 3252-3273 |Review 

                 
              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 3253 | P a g e  

in the modulation of molecular cascades that relate to chronic 

diseases. Despite its therapeutic potential, the presence of 

toxic elements needs careful dosage optimization and safety 

evaluation. This study is a synthesis of the existing literature 

on the phytochemical makeup, pharmacological properties, 

action mechanism, and safety of Ricinus communis, 

providing a scientific foundation on the potential 

pharmaceutical development and clinical use. In addition, it 

highlights the need to undertake advanced research focusing 

on the isolation, characterization, and clinical validation of 

its bioactive molecules so as to fully capitalize on its 

therapeutic potential. 

INTRODUCTION 

Medical plants have been the backbone of health 

care systems in various civilizations, and the 

foundation of traditional medicine practices, 

including Ayurveda, Traditional Chinese 

Medicine and Unani [1]. They are therapeutically 

relevant due to the availability of various bioactive 

phytoconstituents, such as alkaloids, flavonoids, 

terpenoids, glycosides, and phenolic compounds, 

and a broad range of pharmacological activity. 

Almost 25-30 percent of contemporary 

pharmaceuticals in the age of sophisticated 

synthetic chemistry are directly or indirectly of 

plant origin, and it is a testament to the long-term 

importance of botanical resources in drug 

discovery and development [2]. The growing 

health issues of chronic diseases worldwide, 

resistance to antimicrobial agents, and side effects 

of synthetic drugs have sparked a new wave of 

scientific interest in the use of medicinal plants. 

Natural products have been viewed as safer, more 

biocompatible, and with the potential to act on 

multiple biological targets at the same time [3]. 

The multi-targeted strategy is especially beneficial 

in the treatment of complex illnesses like cancer, 

diabetes, neurodegenerative diseases, and heart 

diseases, where single-target therapy may be 

inadequate. Besides, medicinal plants provide an 

excellent source of the discovery of new lead 

compounds. The development of methods 

including the use of high-performance liquid 

chromatography, gas chromatography-mass 

spectrometry, and nuclear magnetic resonance 

spectroscopy among others have allowed a 

comprehensive phytochemical profiling of 

bioactive molecules, enabling the isolation and 

characterization of bioactive molecules [4]. Also, 

new techniques such as network pharmacology 

and molecular docking have helped to improve our 

knowledge of plant-based therapeutics by 

understanding their interactions on a molecular 

and systems level. Economically and ecologically, 

medicinal plants also play a great role in 

pharmaceutical, nutraceutical and cosmetic 

industries. It is thus important that sustainable use 

and protection of these resources are ensured and 

more so in places of biodiversity like India [5]. 

Nevertheless, issues like standardization, 

phytochemical composition variability and 

inadequate clinical validation still hamper their 

acceptance in the evidence-based medicine. In this 

regard, there is need to have systematic scientific 

testing of medicinal plants to help fill the gap 

between traditional knowledge and contemporary 

pharmacology. Ricinus communis is one of such 

plants whose therapeutic potential has received 

significant attention because of its wide range of 

therapeutic potential [6]. 

Ricinus communis or the castor oil plant is a genus 

in the family Euphorbiaceae and is commonly 

found in the tropical and subtropical areas 

worldwide [7]. It is a rapidly growing, evergreen 

shrub or small tree with large palmate leaf, spiny 

fruits and seeds that are highly oily. It is thought to 

have originated in Africa, but is widely grown in 

countries like India, Brazil and China because of 

its industrial and medicinal importance. The initial 

source of castor oil, a viscous, colorless-yellow oil 

that contains ricinoleic acid, is the seeds of Ricinus 

communis, and contains the ricinoleic acid that 

makes up about 85-90%. This differentiation of 

fatty acid gives castor oil some unusual 
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physicochemical characteristics, and it is very 

useful in pharmaceutical preparations, cosmetics, 

lubricants and bio-industrial agents. Traditionally, 

castor oil has been used as a laxative, an anti-

inflammatory and emollient [8]. In addition to 

containing oil, Ricinus communis is a store of 

many bioactive compounds that are found in 

various parts of the plant, such as the leaves, roots, 

and seeds. The phytoconstituents include 

alkaloids, flavonoids, phenolic compounds, 

saponins and terpenoids, each of which adds to the 

pharmacological profile of the plant. Of this group, 

ricin- a very powerful toxalbumin which is found 

in the seeds- has sparked a lot of interest because 

it is both a toxic protein and a biomolecule which 

may be utilized in targeted cancer treatment [9]. 

Ricinus communis has a broad spectrum of 

biological effects which have been 

pharmacologically proved as anti-inflammatory, 

antioxidant, antimicrobial, antidiabetic, anti-

cancer, hepatoprotective activities and wound 

healing. These functions are mediated by various 

pathways including inhibition of inflammatory 

mediators, free radical scavenging, enzymatic 

pathways regulation and cell signalling network 

interaction [10]. Although it has a long and rich 

history of usage in traditional medicine and holds 

future pharmacological potential, the therapeutic 

application of Ricinus communis has complicated 

issues related to safety especially the existence of 

ricin [11]. This requires meticulous processing, 

control of dosage and scientific validation to make 

sure that it is safe and effective. Moreover, change 

in phytochemical content with environmental and 

genetic variation creates difficulties in 

standardization and quality control. Current 

studies have been aimed at addressing these 

constraints by taking more advanced approaches 

of extraction, formulation methods and 

biotechnological intervention [12]. 

Nanotechnology delivery systems such as have 

demonstrated potential in increasing the 

bioavailability and targeted delivery of plant-

derived compounds, which increase their 

therapeutic efficacy and limit their toxicity [13]. 

The recent surge in interest of the use of plant-

based therapeutics, along with the desire to have 

safer and more effective methods of treatment, has 

brought the necessity of in-depth scientific reviews 

that will bring together existing knowledge and 

define the future research pathways [14]. Despite 

the numerous studies that have been conducted on 

different facets of Ricinus communis, the 

information is still very fragmented with very little 

incorporation of phytochemical, pharmacological 

and mechanistic information. The purpose of this 

review is thus to present a systematic and thorough 

review of Ricinus communis, including bioactive 

compounds, pharmacological activities, 

mechanisms of action of the plant and therapeutic 

potential [15]. This work attempts to fill the gap 

between empirical use and evidence-based 

application by critically examining traditional 

knowledge and current scientific findings. 

BOTANICAL DESCRIPTION AND 

TAXONOMY 

Ricinus communis is a botanically and 

pharmacologically important plant of the family 

Euphorbiaceae with a distinctive taxonomic 

position as the single species of monotypic genus 

Ricinus. It belongs to Kingdom Plantae, Division 

Magnoliophyta (angiosperms), Class 

Magnoliopsida (dicotyledons), and Order 

Malpighiales based on its evolutionary 

relationship with flowering plants and a variety of 

secondary metabolite synthesis [16]. The 

morphological variability in the plant is 

remarkable and thus a wide range of cultivars are 

produced which vary in size, pigmentation, and oil 

yield. Ricinus communis is a perennial shrub or 

small tree with a morphological structure that is 

fast growing and which has heights of 2-5 meters; 
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yet in the best environmental conditions it can 

reach a greater height Fig.1 [17]. The stem is erect, 

hollow, glabrous and is likely to be green to 

reddish-purple in color given influences of genes 

as well as the environment and has a latex 

characteristic of members of the Euphorbiaceae. 

The leaves are very large, alternate and palmately 

lobed with 5-11 deep-cut segments, up to 60 cm in 

diameter, and are held by the long petioles; their 

glossy texture and color range: bright green to dark 

purple help to make the leaves not only 

physiologically efficient but also decorative [18]. 

It is a monoecious plant with male and female 

flowers on the same inflorescence forming 

terminal panicles, with male flowers occupying 

the lower part of the panicle and having many 

stamens, and female occupying the upper part and 

consisting of a tricarpellary ovary containing large 

feathery stigmas that serve as a pollinating 

structure [19]. It is a typical spiny, trilocular 

capsule which contains three seeds encased by a 

carpel and when it matures it explodes to open and 

spread the seeds. The seeds, often called castor 

beans, are oval shaped, smooth and glossy in a 

mottled shape of brown, black and grey colour and 

rich in oil content (up to 4060 percent), which is 

mainly ricinoleic acid, which gives them special 

physicochemical and pharmacological properties 

[20]. Nevertheless, the seeds also have ricin which 

is a very toxic toxalbumin and careful processing 

is required to make sure that it is used safely. The 

root system is well developed and mostly based on 

taproot and allows the root to uptake nutrients 

efficiently and is drought resistant which also adds 

to the adaptability of the plant. Geographically, 

Ricinus communis is a broadly distributed plant in 

tropical and subtropical areas and is thought to 

have originated in Africa, especially in Ethiopia, 

although it is now grown in large-scale in countries 

like India, Brazil, China and Thailand because of 

its industrial and medicinal significance [21]. India 

especially is a major producer and there is large 

scale production in Gujarat, Rajasthan and Andhra 

Pradesh. The plant is adapted to warm climate 

(optimal temperature of 20o C to 30o C), well-

drained sandy or loamy soils though it can grow in 

marginal lands, which have a relatively low 

fertility. It has a deep root system that enables it to 

withstand drought conditions rendering it to suit 

semi-arid areas but full sunlight is required to 

ensure maximum growth and oil production [22]. 

Ricinus communis is a common wild plant in 

wastelands, roadsides and disturbed habitats with 

an indication of its ecological strength and 

invasiveness in certain places. Nevertheless, its 

phytochemical composition, oil content, and 

overall biological activity are highly affected by 

the environmental conditions, including soil 

composition, climate, and agronomic practices 

[23]. Together, the taxonomic peculiarity, unique 

morphology, and extensive geographical 

adaptability of Ricinus communis highlight its 

significance as a useful tool in both traditional 

medicine and contemporary pharmacological 

studies [24, 25]. 

 
Fig.1: Ricinus communis plant 

Ethnomedicinal and traditional uses 

The ethnomedicinal applicability of Ricinus 

communis lies in the fact that it has been used over 
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the centuries in various healthcare systems of the 

world as a multidisciplinary medicine. This has 

been made possible by the fact that it has bioactive 

constituents including ricinoleic acid, flavonoids, 

alkaloids, and phenolic compounds that when 

combined with each other result in a wide range of 

biological activities. In ancient Ayurvedic, the 

plant is known as Eranda and is widely used as a 

purgative, anti-inflammatory, analgesic, and 

detoxing agent [26]. One of the most notable 

formulations is castor oil, which is extracted out of 

the seeds and is usually prescribed as an effective 

laxative to help in the treatment of constipation, 

bowel disorders and gastrointestinal conditions 

[27]. It is also applied in Panchakarma treatments, 

especially, in the treatment of Purgation, to get rid 

of the toxins and to restore physiological balance. 

Also, castor oil is commonly used externally as a 

massage oil to help ease joint pain, muscular 

stiffness, and inflammatory diseases like arthritis, 

because of its capacity to promote local circulation 

and decrease inflammation. Ricinus communis is a 

demulcent, resolvent and anti-inflammatory agent 

in the Unani system of medicine. It is usually taken 

to treat rheumatism, sciatica and other 

musculoskeletal diseases [28]. The leaves are 

commonly used as poultices or decoctions to treat 

swelling, pain and inflammation especially when 

dealing with localized infections and abscesses. 

Likewise, in traditional Chinese medicine and 

African folk medicine, the plant is used in different 

parts, such as the seeds, leaves, and roots to treat a 

diverse array of illnesses, like skin conditions, 

wounds, fever, and gastrointestinal disorders. 

Ricinus communis has a rich ethnomedicinal 

history, with the use of its leaves as an anti-

inflammatory and antimicrobial agent. Fresh 

leaves are usually warmed and used as poultices 

on the affected parts to cure things like boils, 

ulcers and swellings. Their galactagogue 

properties are manifested in the use of leaf extracts 

to stimulate lactation in nursing mothers. 

Moreover, leaf decoctions are occasionally used to 

treat respiratory illness, such as cough and 

bronchitis, because they have relaxing and 

expectorating properties [29]. Traditional 

medicine also makes use of the roots of the plant, 

but much rarer than the seeds and leaves. Root 

extracts are thought to have analgesic and anti-

inflammatory actions and are applied in some 

areas in the treatment of lumbago, neuralgia and 

body pain in general. Root preparations are also 

used in other ethnomedical practices due to their 

possible antimicrobial and antiparasitic action. 

Besides its internal medicinal use, Ricinus 

communis is also very crucial in traditional 

dermatology. Castor oil is commonly employed as 

a moisturizer and emollient over dry and damaged 

skin, and in the treatment of various diseases 

(eczema, dermatitis, minor wounds, etc.). Its anti-

microbial effect helps in wound healing through 

prevention of infection as well as promoting tissue 

regeneration. The oil is also used on the head to 

enhance hair growth, decrease dandruff and 

harden hair follicles, so it is a widely used 

ingredient in traditional cosmetic preparations 

[30]. 

Ricinus communis also has another outstanding 

traditional application in the reproductive and 

maternal health. In some cultures, castor oil has 

been applied in inducing labor but this is done 

cautiously as it has some adverse effects. It has 

also been used traditionally to treat menstrual 

distress and control the menstrual cycle which has 

been an indication of its effects on the smooth 

muscle activity [31]. Ricinus communis is 

culturally and economically important besides its 

medicinal uses. It is also frequently integrated into 

the traditional practices and rituals, especially in 

rural areas where herbal remedies continue to be 

part of primary healthcare. Its flexibility and easy 

cultivation also contribute to the increased 

availability and popularity of the plant. Although 
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with a long history of ethnomedical utilization, it 

should be noted that there are safety issues that 

accompany the therapeutic use of Ricinus 

communis, mainly because of potential presence of 

ricin in the seeds [32]. The conventional 

processing methods, including oil extraction and 

heat treatment, are also essential in the process of 

detoxification of the plant material as well as safe 

usage. It is therefore significant to incorporate the 

traditional knowledge with contemporary 

scientific validation to maximize the therapeutic 

potential of modern traditional knowledge with 

minimal risks [33]. To conclude, Ricinus 

communis is a highly versatile medicinal plant that 

has a long-standing history of ethnomedicinal use 

in different cultures and healthcare systems. Its 

wide range of use in gastrointestinal, 

musculoskeletal, dermatological, and reproductive 

health highlights its pharmacological importance 

[34]. There is more that can be learnt in the further 

investigation and scientific confirmation of these 

traditional applications and that may lead to the 

creation of new therapeutic agents based on this 

plant [35]. 

PHYTOCHEMICAL PROFILE OF RICINUS 

COMMUNIS 

Ricinus communis has a very diverse 

phytochemical profile which supports its wide 

range of pharmacological and industrial uses. The 

plant is a valuable storehouse of primary and 

secondary metabolites that are spread throughout 

its seeds, leaves, roots, and stems, and each 

segment of the plant has a different chemical 

makeup. Generally speaking the phytochemical 

constituents are alkaloids, flavonoids, phenolic 

compounds, terpenoids, fatty acids, proteins, and a 

variety of minor bioactive molecules, which work 

together to give the phytochemical its therapeutic 

potential [36]. The seeds are especially 

distinguished by the high content of oil, and the 

leaves and roots are supplemented with 

polyphenolic compounds and secondary 

metabolites related to the antioxidant and anti-

inflammatory effects. High-performance liquid 

chromatography, gas chromatography-mass 

spectrometry, and nuclear magnetic resonance 

spectroscopy have allowed the identification and 

characterization of many phytoconstituents, giving 

a better understanding of their structural diversity 

and biological applications [37]. Alkaloids form 

one of the most significant groups of bioactive 

compounds found in Ricinus communis that have 

led to its pharma-cological activity. Other 

significant alkaloids that have been found in the 

plant are ricinine, one of the most studied 

compounds [38]. Ricinine is a pyridone alkaloid 

which has insecticidal, antimicrobial and central 

nervous system-modulating properties. Other 

minor alkaloidal compounds including N-

demethyl ricinine, trace nitrogenous components 

have been reported in addition to ricinine, but their 

pharmacological functions are less well described. 

These are alkaloids which are mostly concentrated 

in the seeds and leaves and are thought to be 

involved in the plant defense mechanisms against 

herbivores and pathogens [39]. 

Another important group of phytochemicals in 

Ricinus communis, especially in the aerial parts 

and leaves is Flavonoid. These are compounds that 

are highly recognized as antioxidants and anti-

inflammatory. Some of the important flavonoids 

that have been identified are quercetin, 

kaempferol, rutin, isorhamnetin and luteolin [40]. 

The biological effects of these molecules are 

mediated by activities like free radical scavenging, 

signaling pathway modulation, and inhibition of 

pro-inflammatory mediators. The abundance of 

these flavonoids is attributed to the therapeutic 

uses of the plant in oxidative stress related 

diseases, heart diseases and inflammation [41]. 

Moreover, flavonoids can be synergistic with other 
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phytoconstituents, which can result in an increase 

in the overall pharmacological activity of the plant. 

The antioxidant potential is also enhanced by the 

phenolic compounds in Ricinus communis. These 

are the gallic acid, ellagic acid, ferulic acid, caffeic 

acid, chlorogenic acid and p-coumaric acid. It is 

well known that phenolics neutralize reactive 

oxygen species (ROS) and thus prevent the 

oxidative damage of cellular components due to 

oxidative stress [42]. They also possess 

antimicrobial, anticancer and hepatoprotective 

properties. Phenolic compounds can be 

concentrated and have different proportions with 

regard to environmental conditions, maturity of 

the plants and the techniques used in extracting 

these compounds, which also affect the biological 

activity of the plant extracts. Another essential 

group of phytoconstituent present in Ricinus 

communis is terpenoids and triterpenes [43]. The 

main properties of these compounds are linked to 

the anti-inflammatory, antimicrobial, and anti-

cancer activities. Terpenoids identified are: lupeol, 

2-amyrin, 1-amyrin, taraxerol and ursolic acid. 

These triterpenes are reported to regulate 

inflammatory processes, prevent tumor cells 

proliferation, and improve wound healing. They 

are known to have a high pharmacological 

versatility and therapeutic potential in the plant 

[44]. 

The abundance of fatty acids especially in the seed 

oil is another characteristic unique to Ricinus 

communis. The major fatty acid is a hydroxylated 

monounsaturated fatty acid by the name ricinoleic 

acid and this is the major part of castor oil; it 

comprises 85-90% of the castor oil. This is a rare 

fatty acid that contributes most of the 

pharmacological attributes of the oil such as 

laxative, anti-inflammatory, analgesic and 

antimicrobial effects [45]. Oleic acid, linoleic acid, 

stearic acid and palmitic acid are some of the other 

fatty acids that occur in low amounts. Ricinoleic 

acid has the following biological effects: 

modulation of prostaglandin receptors, promotion 

of intestinal motility, and blocking of 

inflammatory mediators. Its unique chemical 

composition with a hydroxyl functional group also 

gives castor oil great viscosity and polarity thus 

suitable in both pharmaceutical and industrial uses 

[46]. Besides the small-molecule phytochemicals, 

Ricinus communis also includes large quantities of 

proteins and toxalbumins, the most prominent of 

which is ricin. Ricin is a very powerful ribosome-

inactivating protein which consists of two 

polypeptide chains (A and B chains) and is bound 

together by disulfide bond. The A chain has 

enzyme activity, which inhibits protein synthesis 

by depurinating ribosomal RNA, whereas the B 

chain enables the cellular entry binding to cell 

surface glycoproteins. This is because ricin is one 

of the most toxic naturally occurring compounds 

due to this dual mechanism of action [47]. 

Nevertheless, even though toxic, ricin has had 

significant attention in biomedical research, 

especially in the development of targeted cancer 

therapy where it has been incorporated in 

immunotoxins to specifically kill tumor cells. The 

rest of the proteins found in the plant are storage 

proteins, enzymes and small peptides that might 

play a role in its biological functions. Moreover, 

Ricinus communis also has other bioactive 

components saponins, glycosides, and sterols [48]. 

Phytosterols, such as 2-sitosterol and stigmasterol, 

have been discovered, and are characterized by 

their cholesterole-lowering and anti-inflammatory 

properties. Saponins play a role in antimicrobial 

and immune-modulatory mechanisms whereas 

glycosides could be involved in a host of 

pharmacological processes. It is presumed that a 

synergistic interaction of all these various 

phytochemicals will increase the overall 

therapeutic effect of the plant. It should be 

mentioned that the phytochemical composition of 

Ricinus communis depends on a number of factors 



Kavita Narayan Gaisamudre (Sarwade), Int. J. of Pharm. Sci., 2026, Vol 4, Issue 4, 3252-3273 |Review 

                 
              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 3259 | P a g e  

such as geographical location, climatic conditions, 

soil type, and methods of extraction [49]. 

Fluctuations in these parameters may cause 

variations in the concentration and distribution of 

bioactive compounds, and hence the 

reproducibility and standardization of plant-based 

formulations. Thus, thorough phytochemical 

characterization and quality management is 

critical to the creation of safe and efficient 

therapeutic products of this plant [50]. To 

summarize, the phytochemical composition of 

Ricinus communis is highly multifaceted and rich 

in bioactive substances, which are all related to its 

pharmacological and industrial values. The 

therapeutic potential of this plant is characterized 

by the presence of alkaloids like ricinine, 

flavonoids like quercetin and rutin, phenolic acids 

like gallic and caffeic acid, triterpenes like lupeol 

and ursolic acid, fatty acids, which is mainly 

dominated by ricinoleic acid, and proteins like 

ricin [51]. The chemical diversity and biological 

activities of these constituents can be important in 

understanding the full promise of Ricinus 

communis in contemporary medicine, and in 

ensuring safety and efficacy with stringent 

scientific validation [52]. 

 
Fig.2: Phytoconstituents of Ricinus communis 
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PHARMACOLOGICAL ACTIVITIES OF 

RICINUS COMMUNIS 

The pharmacological versatility of Ricinus 

communis is attributed to its rich and diverse 

phytochemical composition, encompassing 

alkaloids, flavonoids, phenolic acids, terpenoids, 

fatty acids, and bioactive proteins Fig.3 [53]. 

These constituents act through multiple 

biochemical and molecular pathways, enabling the 

plant to exhibit a broad spectrum of therapeutic 

activities. Extensive in vitro and in vivo 

investigations have validated many of its 

traditional uses, positioning Ricinus communis as 

a promising candidate in the development of plant-

based therapeutics. The following sections provide 

a detailed overview of its major pharmacological 

properties [54]. 

 
Fig.3: Pharmacological activities of Ricinus communis 

Anti-inflammatory activity 

Ricinus communis possesses the anti-

inflammatory property as one of the most 

thoroughly studied pharmacological properties. 

Casts made of its leaves, roots, and seeds, and 

castor oil have shown considerable inhibitory 

properties against acute and chronic inflammatory 

events. This activity is mainly mediated by the 

primary bioactive compound ricinoleic acid that 

acts through the modulation of the inflammatory 

mediators which include prostaglandins and 

leukotrienes [55]. Mechanistically, EP3 

prostaglandin receptors interact with ricinoleic 

acid, causing inflammation and edema formation 

to reduce. The presence of flavonoids like 

quercetin and kaempferol also increases anti-

inflammatory effects by suppressing 

cyclooxygenase (COX) and lipoxygenase (LOX) 

enzymes and thus preventing the production of 

pro-inflammatory cytokines like tumor necrosis 

factor-alpha (TNF- 6), interleukin-1 (IL-1) [56]. 

Also, terpenoids, such as lupeol and ursolic acid, 

are involved in the inhibition of nuclear factor 

kappa B (NF-KB) signaling pathways, which are 

at the heart of inflammation. All these effects have 

enabled Ricinus communis to be most effective in 

the treatment of diseases like arthritis, rheumatism, 

and inflammatory skin ailments [57]. 

Antioxidant activity 

Oxidative stress is a significant causative agent in 

the pathogenesis of many chronic diseases, such as 

cardiovascular diseases, neurodegeneration, and 

cancer. Ricinus communis is a potent antioxidant 

that contains phenolic compounds and flavonoids 

like gallic acid, caffeic acid, rutin, and luteolin 
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[58]. These are free radical scavengers, which 

counteract reactive oxygen species and inhibit 

oxidative damage of cellular macromolecules, 

including lipids, proteins, and DNA. The 

antioxidant process includes direct and indirect 

processes. These phytochemicals directly give out 

hydrogen atoms or electrons to stabilize free 

radicals. They indirectly increase the action of 

endogenous antioxidant enzymes like superoxide 

dismutase, catalase and glutathione peroxidase. 

This bi-directional effect contributes to redox 

homeostasis and provides defense against 

oxidative stress-induced cellular damage. 

Research has revealed that Ricinus communis 

extracts remarkably decreases lipid peroxidation 

and enhances antioxidant enzyme activities, which 

contributes to Ricinus communis as a natural 

antioxidant agent [59]. 

Antimicrobial activity 

Antimicrobial activity of Ricinus communis has 

been extensively studied against various bacterial, 

fungal and viral disease-causing organisms. The 

extracts of various plant sections have shown to 

have inhibitory effects against Gram-positive and 

Gram-negative bacteria, such as Staphylococcus 

aureus, Escherichia coli, and Pseudomonas 

aeruginosa [60]. The antimicrobial properties can 

be mainly credited to ricinine, flavonoids, 

saponins and phenolic acids. These 

phytochemicals carry out their antimicrobial 

effects in a variety of ways such as destabilizing 

the cell membranes of the microbes, blocking 

protein synthesis and disrupting the functioning of 

the nucleic acid [61]. Specifically, ricinine has 

been demonstrated to be insecticidal and 

antimicrobial; therefore, it is one of the defense 

mechanisms of the plant. Moreover, the oil 

produced by seeds has antifungal properties 

against species like Candida albicans and is thus 

applicable in treating fungus. The wide-spectrum 

antimicrobial characteristic of Ricinus communis 

points to its possibility of substituting synthetic 

antimicrobial agents with a natural one [62]. 

Anticancer activity 

The use of Ricinus communis in the treatment of 

cancer has been of great interest because of the 

availability of bioactive compounds that can 

regulate important cellular processes that promote 

the growth and progression of tumors. Even 

though Ricin is toxic, it has been widely 

researched in terms of its use in targeted therapy of 

cancer [63]. Ricin is a ribosome-inactivating 

protein that inhibits protein production in cancer 

cells, thus causing apoptosis. Conjugated with 

antibodies to form immunotaxins, ricin can be 

used selectively to target tumor cells with 

minimum harm to healthy tissues. Other 

phytochemicals have also been shown to have 

anticancer effects, including flavonoids (quercetin, 

kaempferol) and triterpenes (lupeol, ursolic acid), 

which can induce cell cycle arrest, induce 

apoptosis, and prevent angiogenesis. These 

compounds regulate signaling pathways, including 

PI3K/Akt, MAPK, and NF- in cancer cell survival 

and growth, which are essential. In addition, 

antioxidant activity helps to prevent the DNA 

damage and carcinogenesis. Taken together, these 

results indicate that Ricinus communis has 

potential as a source of new anticancer agents [64]. 

Antidiabetic activity 

Ricinus communis has antidiabetic effects that 

have been shown in different experimental models 

and this means that it has the potential to be 

utilized in the treatment of diabetes mellitus. Plant 

extracts were found to decrease blood glucose 

levels, and increase insulin sensitivity and uptake 

of glucose in the peripheral tissues. This 

hypoglycemic effect is ascribed to occurrence of 

flavonoids, phenolic compounds, and alkaloids 
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which affect the metabolism of carbohydrates. 

Mechanistically, the compounds can prevent 

major enzymes in the synthesis of glucose like α-

amylase and α-glucosidase, and hence lower the 

postprandial hyperglycemia. Also, antioxidant 

activities contribute to the reduction of oxidative 

stress linked to diabetes, which spares the 

destruction of pancreatic 8-cells [65]. It is also 

proposed in some studies that Ricinus communis 

could increase insulin secretion and regulate the 

expression of glucose transporters, which could 

also help to maintain the glycemic control. These 

complex processes highlight its application in the 

treatment of diabetes [66]. 

Hepatoprotective effects 

The antioxidant and anti-inflammatory effects of 

Ricinus communis are considered to be the major 

cause of its liver-protective effects. Plant extracts 

have been demonstrated to prevent hepatic tissue 

damage that is induced chemically by lowering 

oxidative stress and inflammation. Phenolic 

compounds and flavonoids are very important to 

stabilize hepatocyte membranes, to avoid lipid 

peroxidation and improve the activity of 

detoxification enzymes [67]. Diagnostic 

experiments have proved that treatment of Ricinus 

communis extracts lead to considerable decrease in 

liver enzymes like alanine aminotransferase, 

aspartate aminotransferase and alkaline 

phosphatase, which are indicators of liver damage. 

Also, the plant helps to regenerate the destroyed 

liver cells and the overall liver functioning. These 

results confirm its classical application in the 

treatment of liver diseases and its possibility as a 

hepatoprotective agent [68]. 

Analgesic and antinociceptive effects 

Ricinus communis is a highly analgesic and 

antinociceptive herb that can be used to relieve 

pain related to inflammatory disease and non-

inflammatory diseases. Plant extracts and castor 

oil have been demonstrated to decrease pain 

perception in experimental models probably by 

alteration of peripheral and central pain 

mechanisms [69]. Ricinoleic acid is one of the 

most important as it interacts with prostaglandin 

receptors and suppresses the production of pain 

mediators. Additional analgesic activities of 

flavonoids and terpenoids include the inhibition of 

inflammatory mediators and the regulation of 

neurotransmitter release. The joint effect of these 

compounds leads to a decrease in sensitivity to 

pain stimuli and an increase in pain management. 

These pharmacological findings support 

traditional uses, including topical application of 

castor oil in the treatment of joint pain, and muscle 

soreness [70]. 

Wound healing properties 

The healing ability of Ricinus communis is well-

known and consists of several stages of the healing 

process, such as inflammation, proliferation, and 

remodeling. The plant stimulates the contraction 

of wounds, collagen formation and regeneration of 

tissue, resulting in the rapid healing [71]. One such 

example is castor oil, which is commonly utilized 

due to its emollient and antimicrobial qualities, 

allowing the skin to stay moist and healing, yet 

avoiding infection. Flavonoids, phenolic 

compounds, and triterpenes are phytochemicals 

that promote fibroblast proliferation, 

angiogenesis, and extracellular matrix. Also, 

antioxidant effect minimizes oxidative stress in the 

wound area, which further promotes the process of 

tissue repair. All these effects render Ricinus 

communis a worthy agent in the healing of 

wounds, burns, and skin lesions [72]. 

Gastroprotective Activity 

Gastroprotective properties of Ricinus communis 

are mainly linked to its potential to prevent the 
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damage of the gastric mucosa by stress, alcohol 

and nonsteroidal anti-inflammatory drugs 

(NSAIDs). The plant has displayed cytoprotective 

and anti-ulcer effects, which are mediated by the 

enhanced production of mucus, a decrease in the 

secretion of gastric acid and antioxidant properties 

[73]. Ricinoleic acid and flavonoids play a role in 

maintaining gastric mucosal integrity by 

increasing the synthesis of the prostaglandins and 

decreasing oxidative stress. Moreover, anti-

inflammatory properties aid in the prevention of 

gastric inflammation and the development of 

ulcers. These qualities underlie the traditional 

application of castor oil in the treatment of 

gastrointestinal illnesses and digestive wellbeing 

[74].  

Immunomodulatory effects 

Ricinus communis has immunomodulatory effects 

which entail the control of the immune effects, 

leading to an increased capacity of the body to 

resist infections and diseases. Plant extracts are 

reported to regulate innate and adaptive immune 

responses through the activity of immune cells 

which include the macrophages, lymphocytes and 

natural killer cells. Flavonoid and saponin 

bioactive compounds are important in controlling 

the production of cytokines and immune signaling 

pathways [75]. These compounds have the ability 

to boost the immune responses in 

immunocompromised disorders and inhibit 

overproduction of inflammation in autoimmune 

disorders. Moreover, antioxidant properties help to 

stabilize the immune system by alleviating 

oxidative stress. Ricinus communis has a dual 

immunostimulatory and immunosuppressive 

effect which underlines its potential in immune-

based therapy [76]. 

 

 

MECHANISM OF ACTION 

The therapeutic activity of Ricinus communis is 

regulated by a multicomplicated network of 

molecular interactions due to various 

phytoconstituents in R. communis which include 

flavonoid, phenolic acids, alkaloid, terpenoids, 

fatty acids and proteins like ricin. The 

pharmacological action of these bioactive 

compounds occurs via regulation of cellular 

signaling pathways, enzyme systems, receptor 

interactions and oxidative stress pathways. An 

unusual multi-targeted mode of action of Ricinus 

communis that makes it unlike many traditional 

medicines and adds to its wide therapeutic index 

[77]. Ricinus communis has an effect on the 

molecular level on various pathways important in 

inflammation, cell survival, and apoptosis as well 

as immune regulation. Among the signaling 

pathways that are modulated is Nuclear factor 

kappa B (NF-κB) pathway that is at the core of 

regulating inflammatory cells and the immune 

system. NF-kB activation is inhibited by 

flavonoids like quercetin and kaempferol and also 

triterpenes like ursolic acid and lupeol, 

suppressing the expression of pro-inflammatory 

cytokines such as tumor necrosis factor-alpha 

(TNF-a), interleukins (IL-1b, IL-6) and 

cyclooxygenase-2 (COX- Further, the bioactive 

compounds in the plant regulate the mitogen-

activated protein kinase (MAPK) pathway, which 

participates in stress and inflammation responses 

in cells. These compounds can regulate cell 

proliferation, differentiation and apoptosis by 

modulating MAPK signaling cascades [78]. 

Another target is the phosphoinositide 3-

kinase/protein kinase B (PI3K/Akt) pathway, 

especially in the anticancer activity scenario, 

where the regulation of this pathway results in the 

inhibition of tumor cell growth and induction of 

programmed cell death. Additionally, one of the 

ribosome-inactivating proteins known as ricin 
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causes its effect by depurinating a particular 

adenine base in the 28S rRNA of ribosomes 

causing permanent inhibition of protein synthesis 

and resulting in cell death [79]. This process has 

found applications in specific cancer treatments by 

the creation of immunotaxins. Besides signaling 

pathways, Ricinus communis exhibits important 

enzyme inhibition and receptor interaction. A 

number of phytochemicals serve as natural 

inhibitors of inflammatory, metabolic, and 

oxidative stress enzymes. An example is 

flavonoids and phenolic compounds that block 

enzymes such as cyclooxygenase (COX) and 

lipoxygenase (LOX) to inhibit the production of 

prostaglandins and leukotrienes involved in 

causing inflammation and pain. Several types of 

neurotransmitter-related enzymes may be affected 

by the presence of alkaloids like ricinine, which 

adds to neuromodulatory outcomes. Bioactive 

compounds can be used in the context of diabetes 

to suppress carbohydrate-hydrolyzing enzymes 

(e.g., alpha-amylase and alpha-glucosidase) and 

thus decrease glucose uptake and postprandial 

hyperglycemia [80]. Moreover, the components of 

Ricinus communis react with other cellular 

receptors to elicit their pharmacological activity. 

The fatty acid in castor oil is attributed as ricinoleic 

acid which has been shown to cause the 

stimulation of the prostaglandin EP3 receptors 

thereby increasing intestinal motility and anti-

inflammatory effects. It has a familiar laxative and 

anti-inflammatory action which is mediated by this 

receptor. In addition, some triterpenes and sterols 

act on some nuclear receptors like peroxisome 

proliferator-activated receptors (PPARS), which 

control lipid metabolism, glucose homeostasis, as 

well as inflammation. These interactions add 

metabolic and anti-inflammatory advantages to the 

plant [81]. 

The other important feature of the mechanism of 

action of Ricinus communis is that it is an 

important modulator of oxidative stress which is 

central to most of its pharmacological actions. The 

disproportion between the generation of reactive 

oxygen species and antioxidant defense 

mechanisms of the body results in oxidative stress 

causing cellular damage and disease development 

[82]. The abundance of flavonoids and phenolic 

acids and other antioxidant molecules make the 

plant effective in counteracting ROS and 

preventing oxidative damage to cellular 

components. These phytochemicals are able to be 

free radical scavengers by donating electrons or 

hydrogen atoms and this stabilizes the reactive 

species. Besides direct scavenging activity, 

Ricinus communis increases endogenous 

antioxidants defenses through enzyme induction 

of superoxide dismutase, catalase, and glutathione 

peroxidase. This dual pathway aids redox 

homeostasis and inhibits lipid peroxidation, 

protein oxidation and DNA damage. Moreover, 

the oxidative stress modulation is tightly 

connected to the regulation of such signaling 

pathways as NF-KB and MAPK, which emphasize 

the interdependence of these processes [83]. 

Through its antioxidative stress effects, Ricinus 

communis helps alleviate inflammation as well as 

adds to its hepatoprotective, cardioprotective and 

anticancer properties. Taken together, the 

mechanisms of action of Ricinus communis also 

point to a multi-faceted and synergistic mode of 

action, which includes the regulation of the main 

molecular targets, inhibition of important 

enzymes, interaction with particular receptors, and 

the regulation of the oxidative stress [84]. Such a 

combined strategy allows the plant to have a 

variety of pharmacological effects and reaffirms 

its potential as a useful source of therapeutic 

agents. The scientific explanation of these 

mechanisms gives it a scientific ground in regard 

to the traditional applications and also aids in the 

further exploration of the drug in modern drug 

discovery and development [85]. 
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CHALLENGES AND LIMITATIONS 

Having a good therapeutic potential, Ricinus 

communis still has a number of challenges and 

limitations that prevent its acceptance and 

conversion into evidence-based clinical practice. 

Toxicity, which is mostly linked with the presence 

of ricin, a very potent toxalbumin in the seeds, is 

one of the most vital issues. Even the minimal 

amounts of the inadequately processed seeds may 

be life-threatening and lead to cytotoxicity and 

systemic poisoning. Despite the efficiency of 

industrial methods of extraction in detoxifying 

castor oil, it is important to make sure that all 

traces of ricin are eliminated, especially in 

pharmaceutical uses. This requires high quality 

control rules and standard processing procedures 

to ensure safety. The second significant drawback 

is the absence of standardization of composition 

on phytochemicals. The bioactive constituents 

content of Ricinus communis can be very different 

based on geographical position, climatic factors, 

soil type, maturity of the plant, and the method of 

extracting the constituents. Such variability leads 

to inconsistencies in pharmacological efficacy and 

reproducibility of results. Its use in a clinical 

setting is further complicated by the lack of 

universally accepted standards of identifying the 

plant material, the extraction processes, and 

formulation. There is also a challenge of limited 

availability of strong clinical evidence. Although 

many in vitro and in vivo experiments have been 

conducted to establish the pharmacological effects 

of Ricinus communis, there are few well-designed 

clinical trials on humans. This loophole limits the 

capacity to determine conclusive methodological 

dosages, safety plans and prolonged 

consequences. Regulatory agencies, therefore, 

tend to be reluctant to accept the approval of plant-

based formulations without significant clinical 

substantiation. Moreover, bioavailability and 

pharmacokinetics are problematic in relationship 

to the therapeutic potential of some 

phytoconstituents. Most bioactive compounds are 

not very soluble, do not absorb and are 

metabolized quickly hence may decrease their 

efficacy in vivo. Though new drug delivery 

systems like nanoparticles and liposomes may 

provide answers, they are yet to be explored and 

are not a common practice. Another hindrance to 

the development of therapeutics based on Ricinus 

communis is regulatory and quality assurance 

issues. The herbal product is likely to be regulated 

less than the synthetic drugs, causing 

inconsistency in the quality of the products, safety, 

and effectiveness. It is imperative that 

standardized guidelines and regulatory 

frameworks are put in place to maintain uniformity 

and confidence by consumers. Finally, there 

should be an approach to sustainability and 

environmental concerns, and extensive production 

and harvesting can disrupt the ecological balance. 

Phytochemical yield and quality can also be 

affected by variations in agricultural practices. It is 

essential to address these problems with 

comprehensive scientific methods, such as 

sophisticated techniques of analysis, standardized 

methods of cultivation and strict clinical 

assessment to fully realize therapeutic potential of 

Ricinus communis in contemporary medicine. 

FUTURE PROSPECTIVES 

The future of Ricinus communis is that it can be 

strategically combined with the current scientific 

developments in order to take full advantage of its 

pharmacological potential. As the use of plant-

based therapeutics gains more interest, Ricinus 

communis will be relevant in the drug discovery of 

the next generation especially with its wide range 

of bioactive molecules and multi-targets. The use 

of nanotechnology-based drug delivery systems, 

including nanoparticles, liposomes, and 

nanoemulsions is one of the most promising 
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directions that can help increase the solubility, 

stability, and bioavailability of its 

phytoconstituents and reduce toxicity, particularly 

ricin concerns. Integration of artificial 

intelligence, computational methods, such as 

molecular docking, network pharmacology, and 

machine learning, is projected to speed up the 

process of finding new therapeutic targets and lead 

compounds based on Ricinus communis. Such 

tools can give more information on molecular 

interactions, predict pharmacokinetic 

characteristics and assist rational drug design thus 

saving time and cost in drug development. The 

other promising field is developing personalized 

and precision medicine, in which plant-derived 

compounds can be programmed to individual 

genetic and metabolism profiles. Ricinus 

communis, due to its multi-component nature, is 

particularly well adapted to such methods, as it can 

potentially modulate multiple pathways which 

contribute to complex diseases. Moreover, it will 

be essential to focus on clinical validation and 

translational research to take experimental results 

and translate them into practical applications of 

therapeutic value. To determine safety, efficacy, 

and dosage, it is necessary to design clinical trials, 

standardize extraction protocols, and have strong 

quality control measures. The yield and 

consistency of bioactive compounds may also be 

improved through sustainable cultivation and 

biotechnological interventions like plant tissue 

culture and metabolic engineering. The 

combination of these developments is likely to 

make Ricinus communis a promising candidate in 

developing pharmaceuticals and integrative 

medicine in the future. 

CONCLUSION  

Ricinus communis is a pharmacologically and 

scientifically important medicinal plant that has a 

wide range of therapeutic opportunities. It has a 

rich phytochemical profile, including alkaloids 

(ricinine), flavonoids (quercetin and rutin), 

phenolic acids, triterpenes, and a fatty acid of 

unique structure (ricinoleic acid), a variety of 

biological activities. These are anti-inflammatory, 

antioxidant, antimicrobial, anticancer, 

antidiabetic, hepatoprotective, analgesic, wound 

healing, gastroprotective, and immunomodulatory 

activities, most of which have been substantiated 

by experimental research and traditional medicine. 

The multi-targeting capability of the plant to 

regulate various molecular targets and signaling 

pathways means that the plant can be used as a 

multi-target therapeutic agent, especially in the 

treatment of complex and chronic diseases. 

Although these characteristics are promising, the 

clinical development of Ricinus communis is still 

limited by a number of challenges, such as 

toxicity-related issues with ricin, phytochemical 

composition variations, the lack of clinical 

support, and standardization and regulatory 

approval issues. In order to overcome all these 

limitations, it is necessary to conduct extensive 

scientific validation, develop sophisticated 

methods of analysis and design effective and 

quality clinical trials in order to achieve safety, 

efficacy and reproducibility. Moreover, its 

bioactive compounds can be made more 

bioavailable and targeted by incorporating new 

technologies like nanotechnology-based drug 

delivery systems and computational 

pharmacology. Comprehensively, Ricinus 

communis has significant potential as a useful tool 

in drug discovery and pharmacology today. The 

key to unlocking the full therapeutic potential of 

traditional knowledge will be bridging the gap 

between the traditional knowledge and modern 

scientific research. The future research on 

mechanistic insights, clinical validation, and 

sustainable use is expected to open the path to a 

successful implementation of it in evidence-based 

medicine and pharmaceutical development. 
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