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MEDICINAL PROPERTIES OF RICINUS COMMUNIS AND THE NEED FOR NOVEL FORMULATION OF THE EXTRACTS: A REVIEW


ABSTRACT
Some natural drugs of plant and animal origins have proven to be effective alternatives with better efficacy and safety than synthetic and semi-synthetic drugsin treating diseases, especially chronic types. Ricinus communis(castor plant) is one such plant that has been used in traditional medicine globally as a medicinal plant for treating a wide range of diseases and disorders like stomach aches, arthritis, flatulence, constipation, gallbladder pain, dysmenorrhea, rheumatism, backache, muscle aches, toothache, bilharziasis, sciatica, chronic headache, emetic in opium poisoning, insomnia, for placenta expulsion and as a contraceptive. The phytochemicals areextracted by directexpression ofthe different plant partsorsolvent extractionincluding ethanolic, petroleum ether, methanolic (chloroform), ethyl acetate, toluene, benzene, hexane,and butanol extracts.The constituents of the extracts depend on the plant part used and the solvent employed. The identified phytochemicalsfrom the various extracts includealkaloids, glycosides, tannins, saponins, steroids, fatty acids, phenols, phytate, oxalate, and volatile constituents.The castor seed oil contains up to 90% ricinoleic acid and it is not poisonous due to the exclusion of toxic ricin and ricinine in the extracted oil.The extracts are found to elicita wide range of pharmacological activities such as antibacterial, antifungal, anticancer, anticoagulant, antinociceptive, anthelminthic, antifertility, laxative, anti-implantation, antiasthmatic, antidiabetic, anti-inflammatory,antiulcer, antimalarial, antiulcer, antihistamine, anti-arthritis, antioxidant, anticonvulsant,antidandruff, bone regeneration, wound-healing, cytotoxic, central analgesic, uterine contraction, andhepatoprotectiveactivities.Novel nano drug delivery formulations such as polymeric micelle, nano gel, nano-emulsion, microsphere, polymeric nanoparticles, nano-capsules, liposomes,and self-emulsifying drug delivery systems would accentuate the dissolution, absorption, and bioavailability of the crude extracts of Ricinus communislike other herbal formulations. However, such products from Ricinus communis are not available, thereby undermining the therapeutic potential of the extracts. It is therefore crucial for formulation scientists to explore the delivery of the extracts using novel nano-drug delivery system technologies to improve public healthcare.
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INTRODUCTION
Ricinus communis L. which is also known as the castor oil plant is a flowering plant that belongs to the family Euphorbiaceae1-4. It is native to India and Africa (Ethiopia)3, though widely distributed in tropical, subtropical, and warm temperate climates of the world1,3,4.  It is known as Endi (Hindi), Errandi (Marathi), Zurma (Hausa), Jada (Oriya), Kherwal (Saudi Arabia), Diveli (Guajarati)1,4-6. The botanical name was given by Carlos Linnaeus, a Swedish botanist4. There are more than 17 varieties of Ricinus communiswhich are classified into trees and shrubs with the trees producing large seeds while the shrubs have smaller seeds1,4,7. The plant ispest and drought-resistant, growing to a height of 10 to 12 meters high3. The wild varieties of the plant which are about 1-2 meters tall are abundant in North Central Nigeria, where they are being used in traditional medicine for diverse medicinal purposes1,3,4,7. Each tree or shrub bears male and female flowers, and they exist in clusters, with the male positioned at the upper and the female flowers at the lower position2. 
The castor seeds are smooth, elliptical, or oval-shaped.They manifest diverse variations in size and color which may be grey, chocolate, black, or light brown2,3. Of the 17 varieties of the plants, the seed is categorized into 3 varieties namely, variety major (large seed variety), variety intermedia (medium seed variety), and variety minor (small seed variety)2. The seed contains 20 % shell and 80 % kernel, and the average oil content for all the castor seed varieties is about 45 – 55 % by weight, but the actual yield depends on the variety, geographical location, and the oil extraction methods2,3. Castor plantsare generally cultivated to produce ricinoleic acid-rich castor oil7.  
Castor plants grow, survive,and flourishin a wide range of climates (warm temperate and tropical regions)4,8,9.Theygrowwherever land is available, especially in aerated, moderate nitrogen-rich, well-drained, andretentive loamy soil of pH 4.5 - 8.3, at an annualtemperature range of 7 to 27.8 oC with annual precipitation of 20to 429cm8,9.Taxonomically, the castor plant is from the Kingdom – Plantae, Subkingdom – Tracheobionta, Superdivsion – Spermatophyta, Division – Magnoliophyta, Subclass – Rosidae, Order – Euphorbiales, Family – Euphorbiaceae, Genus – Ricinus, and Species – Ricinus communis L6,8,10. 
The plant, Ricinus communis is highly enriched with bioactive phytochemicals that are potential therapeutic agents that can enhance effective health care delivery. This review aims to enumerate the vast phytochemicals and the pharmacological benefits of Ricinus communis and to suggest innovative formulation technologies that could make some of the extracts or phytochemicals available as medicines for clinical use.
METHOD
This review article was conducted by reviewing sufficient journals gathered from international and national sources via search websites of Google Scholar, Pub Med, Science Direct, and other scientific information databases. All the collected full-text research papers were published in the English language.
DISCUSSION
1. Phytochemicals 
Ricinus communis has been investigated to contain alkaloids, steroids, glycosides,flavonoids, saponins, and terpenes4-6. It has been reported that the leaves of castor plants contain kaempferol, quercetin, gallic acid, ellagic acid, gentistic acid, and epicatechin2,4-6. The castor seeds have been widely known for containing the toxic glycoprotein called ricin (5%), the alkaloidal ricinine, and toxic castor beans allergen, which are eliminated during the extraction processes 3,6,9.  Ricin is a type 2ribosome-inactivating protein that irreversibly inactivates ribosomesand stops protein synthesis thusleading to the death of the cell9. The castor oil contains ricinoleic, oleic acid, stearic acid, palmitic acid, iso-ricinoleic acid, dihydroxystearic acid,linolenic acid, eicosanoic acid, lipases, and ricinine.3,4,7. The oil from Ricinus communis seed is biodegradable3,9.
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2. Impact of Extraction on Constituents
The oil from the castor plant is extracted from the matured, sun-dried seed by removing the seed coat, winnowing, sorting, cleaning, milling, and pre-heating3,9. The oil is extracted either by mechanical expression or solvent extraction3,11.Hexane is the widely used solvent for extraction due to its low boiling point and low corrosiveness, however, other polar and non-polar solvents used (which could perform better than hexane)include petroleum ether, ethyl ether, pentane, toluene, isopropanol, ethyl acetate, cyclohexane, acetone, chloroform, ethanol, and methanol11. It has been reported that the type of solvent and the duration of extraction affect the oil yield from the seed11.

Various extraction methods have been adopted by different researchers based on facility availability and according to the part of the castor plant under investigation. To obtain the crude oil extract, 100 g of a finely ground seed was subjected to exhaustive Soxhlet extraction using 150 ml of methanol for 75 minutes to give a yield of 70.0 ± 2.8 g of crude extract1,2. However, using petroleum ether at 5-20 mg/kg yields 15% w/w of the oil12. The castor beans paste (8.42 kg) was wrapped in cloth and mechanically cold-pressed below 45 ℃ using a manual extractor to obtain a clear, viscous, and pale-yellow fresh oil, with up to 3.20 liters yield3. A 1.5 kg of powdered air-dried leaves were exhaustively extracted 3 times at room temperature using 3 liters of 70% methanol for 3 days and then concentrated5. 
The Gas Liquid Chromatography (GLC) separation of the castor oil consists of the following: ester form of palmitic, stearic, arachidic, hexadecenoic, oleic, linoleic, ricinoleic, and dihydroxy stearic acids4,6. The stem also contains ricinine5,6. The ether extract of the castor seed contains ergost-5-en-3-ol, stigmasterol, Y-sitosterol, fucosterol, and one probucol isolate4,6. Furthermore, Lupeol and 30-Norlupan-3β-ol-20-one are obtained from the extract of castor beans coat4,6.
3. Formulation of Extracts 
Medicines are drug delivery systems employed to administer drugs to the body in a safe, efficient, reproducible, and convenient manner13,14. The objective of designing a drug delivery system is to have a product with a predictable therapeutic response to the Active Pharmaceutical Ingredients (API)and possesses reproducible quality when manufactured on a large scale15. 

The major challenge for the delivery of severalherbal drug preparations is low solubility, low oralbioavailability, poor absorption, and poor stability,which hinder their effective clinical usage16-20. Subjecting the extracts of the different parts of Ricinus communis to novel drug delivery approaches will accentuate the dissolution, absorption, and bioavailability of both the crude extracts and isolated bioactive chemical entities from Ricinus communis21,22.Many phytochemicals offer satisfactoryin-vitro activity but lessefficacy in vivo, due to their poor aqueous solubility, lipophilicity, and inappropriate molecular size resulting in poorabsorption and poor bioavailability20,23. Therefore, the right drug delivery carriers must simultaneouslyameliorate the solubility challenge of the bioactive substances, diminish thedegradation process, reduce toxicity, and mask anybad taste, while controlling the bioavailability and response of the phytochemicals20,23.
Utilizing a nano drug delivery approach to the delivery of herbal bioactive extract increases the drug stability, reduces drug-protein binding, lengthens the drug half-life, minimizes toxicity, bypasses the first-pass effect, increases bioavailability, and accentuates patient compliance16,17,20,22,24. The numerous drug delivery systems options available for herbal bioactive molecules include polymeric micelle, injectable hydrogel, nano gel, nano-emulsion, microsphere, polymeric nanoparticles, nano-capsules, liposomes, phytosomes, transferosmes, dendrimer, ethosomes, self-emulsifying drug delivery systems219,22,23,25. 
Nanotechnology has brought a significant solution to subdue the solubility challenges regarding herbal formulations26. For instance, artemisinin sourced from Artemisia annual L has been formulated into an emulsion solvent evaporation as an anticancer product; cinnamon oil from Cinnamomum verum was formulated as a microemulsion for wound healing as an antimicrobial; oleanolic acid from plant extracts was formulated as nanoprecipitation for cancer treatment; salvianolic acid from Salvia miltiorrhizawas also formulated as liposome used for bone fracture union20,27,28. Similarly, extracts of Ricinus communissuch as the oil can be formulated into novel drug delivery systems, such as self-nano drug delivery systems (SNEDDS),  for enhanced solubility, absorption, stability, and bioavailability. However, there is a gap in the literature concerning the nanoformulations of castor oil extract or extracts from other parts of the plant intonovel pharmaceutical products. This calls for step-up research by formulation scientists to develop novel pharmaceutical products from castor plant extracts for improved healthcare delivery. Currently, castor oil is being used pharmaceuticallyas a vehicle for other drugs such as the anticancer paclitaxel and docetaxel9, and in ophthalmic preparations7.
4. Traditional Uses of Ricinus Communis
Ricinus communis has been a therapeutic agent as herbal medicine for the treatment of various ailments, disorders, and infections for the past 4,000 years, by the utilization of the leaves, roots, bark, flowers, fruits, stems, and seeds4. The plant has a long history of ethno-pharmaceutical use in the treatment of stomach aches, arthritis, flatulence, backache, muscle aches, toothache, bilharziasis, sciatica, chronic headache, constipation, gallbladder pain, dysmenorrhea, rheumatism, emetic in opium poisoning,  and insomnia and for the expulsion ofplacenta 4,7. The powdered leaves have been used to combat mosquitoes, repel aphids, and white flies, and it is also used to increase milk production in cows by feeding them with the leaves4.  Ricinus Communis L. has a long history of being used by the Bassa people of Plateau state, Nigeria, as an antifertility agent29.

5. The Castor Seed Oil
Castor oil is extracted from the matured seed of the castor plant after sun-drying, dehulling, removal of the coat, winnowing, sorting, cleaning, milling and mechanical expression, solvent extraction, or by applying both methods3. Castor oil is a natural triglyceride, viscous, pale yellow, non-volatile, non-drying, and oxidation resistant, boiling at 313℃5. The oil contains 87-90% ricinoleic acid, 3-5% linoleic acid, 1-2% palmitic acid, and 1% dihydrostearic, with a trace amount of fatty acids3,7. It has also been shown to contain the following constituents: lauric acid, globulin, cholesterol, lipase, vitamin E and B-sitosterol, glycosides of fatty acids, tannin, phenol, alkaloid, phytate, oxalate, saponin, cyanogenic glycosides, and flavonoids7. 

Unlike the castor seed which is widely reported to be toxic due to the glycoprotein ricin, the toxic alkaloidal ricinine, and toxic castor bean allergen, castor oil is non-toxic as these seed components are not carried along during extraction3,4,7. This oil is the only commercial source of ricinoleic acid and the presence of a hydroxyl group on C-12 of the ricinoleic acid is responsible for the polarity of the oil, which promotes hydrogen bonding that dictates the high viscosity, specific gravity, and high boiling point of 313℃, excellent solubility in alcohols, and its ability to plasticize a wide variety of natural and synthetic resins, waxes, polymers, and elastomers3. Pharmaceutically, castor oil is classified as an emollient, oleaginous vehicle, and solvent, and it is commonly utilized in the production of creams and ointments at a concentration of 5-12.5% and as much as 81% in the formulation of lipstick7.
The oil is biodegradable, and ecofriendly, being used as a biobased polyol in the polyurethane industry to produce polyurethane foams, elastomers, surface coating materials, adhesives, and interpenetrating polymer network3.  Furthermore, its excellent solubility in methanol makes it ideal for biodiesel production, while itsemollient and non-comedogenic nature makes it well-suitable in cosmetic formulations3. Castor oil also finds major application in soap manufacture, in medicine (as purgative, laxative, antifertility), and as an additive in the food industries3. It possesses appreciable anti-inflammatory, anti-nociceptive, antioxidant, antimicrobial, and insecticidal properties, with a natural safety and tolerance profile7. Furthermore, castor oil is used in ophthalmic eyedrop preparations in counteracting tear film lipid insufficiency and tear film instability; just as it also shows potential in the management of dry eye disease secondary to meibomian gland dysfunction without reported side effects7.
Currently, castor oil is used industrially as a lubricant, antifungal, topical skin conditioning agent, emulsion stabilizer, surfactant in cosmetics, a component of hair growth agents, in eye cosmetics, and eye makeup removal4,6,7. It is considered non-irritant to human skin, but there are some cases of pre-existing dermatoses with noticeable low irritation, allergenicity, and comedogenicity7. Castor oil has been used to form stable emulsions for nonpolar materials in various aqueous systems, and it is often used as a drug delivery vehicle for nonpolar drugs such as the anticancerpaclitaxel and docetaxel9.
6. Medicinal Properties ofRicinus communisLinn.
There are several studies on the biological activities of Ricinus communis. These activities are largely due to the crude extracts by the various solvent extraction methods which include ethanolic, petroleum ether, methanolic (chloroform), ethyl acetate, toluene, benzene, and butanol extractions4. The medicinal properties include antibacterial, antifungal, anticancer, antidiabetic, anti-inflammatory, antimalarial, antioxidant, central analgesic, anticonvulsant, anticoagulant, antinociceptive, anthelminthic, antifertility, laxative, uterine contraction, anti-implantation, antiasthmatic, bone regeneration, wound-healing, antiulcer, antihistamine, cytotoxic, anti-arthritis, hepatoprotective, antidandruff, molluscicidal, and insectcidal4,6,7,30-33.

a. Antibacterial/antifungal activity
The surfactant properties of Ricinus communisoil due to sodium ricinoleate damage the cell membrane resulting in the loss of the content of the cytoplasm and subsequent death of the cell4,7. Ricinus communis and its phytochemicals have been reported to have antimicrobial activity against various micro-organisms which include Staphylococcus aureus, Escherichia coli,  Streptococcus mutans, Streptococcus progenies, Klebsiella pneumonia, Enterococcus faecalis, and methicillin-resistant Staphylococcus aureus4,6.  A study by Inayor&Ibraheem in 2014 shows that the phenolics and saponin extract of the leaves of Ricinus communis completely hindered the growth of gram-negative bacteria, Klebsiella halize, and gram-positive Staphylococcus aureus31. This is an indication that it could be a potential broad-spectrum antibiotic agent.

The methanolic and aqueous extract of the root, leaf, and stem have been reported to have antifungal activity against many fungal cells4,34. In a study testing the antifungal property of Ricinus communis, maximum antifungal activity was shown against Candida albicans, while the least was on Alternaria solani34. This study on the methanolic extract shows potent inhibitory activity against Aspergillusniger and Aspergillusfumigatus and less activity against Aspergillus flavus4. The above studies confirm the antifungal and antibacterial activities of Ricinus communis and it could be a potential source in identifying new drug candidates for the treatment of fungal infections. 
b. Anti-Cancer Activity
Ricinus communis is used for the treatment of hepatitis, skin, and breast cancer31,35. The fruit extract of Ricinus communis has been studied and shown to have potent anti-cancer activity on breast cancer, highly effective on estrogen-positive MCF (Michigan Cancer Foundation), and highly aggressive triple-negative breast cancer (MDA-MB-231 [MD Anderson Metastatic Breast 231] cell line)30. The extract has an anti-metastatic property that inhibits the adhesion, invasion, migration, and expression of a metalloproteinase from the matrix of both cells and later induces apoptosis in such cells30. Studies performed using ethanol, methanol, and aqueous extracts established that Ricinus communis has anticancer activity on cancer cells such as melanoma, MCF-7 (Breast cancer), HepG2 (Hepatic cancer), PC3 (pancreatic cancer), and cervical cancer4,35. Ricin isolated from Ricinus communis possesses anticancer activity that was more toxic to tumor cells than non-transformed cells when it is judged from the ED50 towards the tumor cells and the non-transformed cells36.

c. Anti-Fertility Property in Male and Female
The ether-soluble portion of the methanol extract of Ricinus communis var. minor has been investigated to possess anti-implantation, anti-conceptive, and estrogenic activity in rats and mice via subcutaneous administration. The activities are suggested to emanate from different sites, which include direct effects on the endometrial implantation site, fallopian tube, or/and disruption on the estrogen/progesterone balance1,31. In another research, the administration of  2.3 -2.5 g of de-coated seeds of Ricinus communis variety RICOM-1013-J orally to 50 women volunteers as a single dose produces reversible anti-conceptive and anti-implantation activities in women for 12 months without side effects4,29. In the research conducted by Okwuasaba et al12, the administration of different doses of petroleum ether extract(2-20 mg/kg) induced a dose-dependentcontraceptive effect over 5 successive gestation periods.

The common side effects that attend the conventional hormonal contraceptive agents such as weight gain, nausea, vomiting, prolonged amenorrhea, irregular bleeding, abdominal pain, headache, dysmenorrhea, depression, and hypertension were absent12,29. Research conducted using petroleum ether (PE) extract of Ricinus communis seed not only shows a dose-dependent contraception for 5 successive gestation periods,but also indicated that its antifertility efficacy and pretreatment with PE altered the activity profile of the uterus and oviduct as well as their response to oxytocin, ergometrine, and acetylcholine in a characteristic manner12. According to another study, the presence of phytosterols, a steroid in the methanol extract of the seed of Ricinus communis may be responsible for the antifertility activity36. 
Furthermore, the administration of 50%ethanol extract of Ricinus communis in male rats produces a reversible antifertility effect by a heavy reduction in the epididymal sperm count, in addition to the alteration in the morphology, motility, and mode of motion of the sperm cells and also the reduction in the fructose level2,4,30. A study was performed with the aqueous, acetone, petroleum ether, and ethyl acetate extract of the stem bark of Ricinus communis, and it was discovered that at the highest concentration of aqueous extract (100 mg/ml), there was a 100 % reduction in sperm motility in 60 seconds and 100% immobility within 30 minutes of incubation37. Therefore, this plant extract drastically inhibits the motility of spermatozoa. The above findings make castor seed and its extracts a potential antifertility agent. The ricinoleic acid from the castor oil is used in contraceptive creams and jellies3. 
d. Antidiabetic activity
It has been researched that 500mg/ kg body weight of the 50% ethanol extract of Ricinus communis roots elicits a significant lowering of the blood glucose level both in Type 1 diabetic and normal animals and it also shows a favorable response on the total lipid profile, kidney, and liver functions, when given for 10 – 20 days30. Furthermore, it has been documented that using aqueous ethanolic extract and aqueous extract of Ricinus communis leaves on streptozotocin-induced diabetic rats at a dose of 300 and 600 mg/kg body weight respectively, led to a remarkable loss in body weight and reduction in blood glucose level10. Oral delivery of the 600 mg/kg body weight inhibited any alteration in the total protein, total bilirubin, albumin, urea, and creatinine levels, thereby proving to be a good alternative for managing diabetes mellitus6,30. 

e. Antioxidant Activity
In body defense against free radical damage, antioxidants are the first line, and they play a significant role in maintaining the viability of cells and their optimum health4. The antioxidant property of Ricinus communis varies significantly depending on the method of extraction and the plant part involved: the leaves and seeds present higher antioxidant activity in comparison to the other parts30.  Studies have shown that the ricinoleic acid and its methyl esters isolate, as well as 12-octadecadienoic acid of Ricinus communis seed act as active antioxidants even in their low concentrations6. In addition, tocopherols and tocotrienols contained in crude castor oil extract also have antioxidant activity6. Among the different solvent extracts, methanol has the highest free radical scavenging activity of about 95%, acetone (91%), dichloromethane 62%, and n-hexane (50%)30. 

	Also, other studies ascribed the antioxidant activity of Ricinus communisto the presence of compounds such as gallic acid, quercetin, gentisic acid, rutin, epicatechin, and ellagic acid in leaves and the methanolic extract4. The highest antioxidant activity was shown by another study to be caused by the butanol fraction of Ricinus communis, whereas the Ethyl acetate extract of Ricinus communiswas also found to be a potent antioxidant and it was inferred that the antioxidant activity of Ricinus communisis attributed more to flavonoids as compared to tannins4. The stem extract of the castor plant is rich in flavonoids which are beneficial against carcinogenesis as theyinhibit oxidative cell damage30.  The antioxidant property makes the oil extract have a long shelf-life of up to 12 months7.
f. Antiulcer Activity
Studies have shown that Ricinus communis has significant anti-ulcer properties which are due to the cytoprotective action and strengthening of the gastric mucosa that ultimately results in the enhancement of mucosal defence4. Ricinus communis seed oil possesses significant antiulcer properties at a dose of 500 and 1000 mg/ kg, however, at a dose of 1000 mg/kg it was more potent against the ulceration caused by pylorus ligation, aspirin, and ethanol in rats6. 

g. Ophthalmic Activity
Ricinus communis oil is employed as a lubricant to treat dry eyes to maintain hydration and it also reduces muscular strain in the eyes to accentuate better vision7,30. In addition, the oil is utilized to remove accident-mediated foreign body particles in the eyes, and for eye cleansing for better vision7. When castor oil is administered as a topical eyedrop, it demonstrates beneficial effects on the tear film lipid layer, including increased thickness and altered composition, with a longer residence time than that of a conventional eyedrop7.

A study report presented that a four-week treatment with twice daily topical application of the castor oil formulation to the eyelids was effective in significantly reducing ocular surface symptoms, and it also improved several blepharitis signs, which include eyelid margin thickening, telangiectasia, eyelash matting, madarosis, cylindrical dandruff, staphylococcal and seborrheic eyelash crusting, and lid wiper epitheliopathy7,38.
h. Anthelmintic Activity
The anthelmintic property of Ricinus communis was studied using different solvent extractions, in which 3 concentrations (50, 75, 100 mg/ml) of aqueous, ethanol, ethyl acetate, methanol, and chloroform extracts from leaves of Ricinuscommunis on pheretimaposthuma (long cylindrical worms) and all the extracts showed a significant death rate of the worm30. Anotherstudy has shown that Ricinus communis induced paralysis and death of worms with both the ethanolic and aqueous extracts, but the aqueous extract showed higher activity at 100 mg/ml in less time when compared to the ethanolic extract at the same concentration, thus, the aqueous extract has more anthelmintic activity4.

Notably, studies have shown that Ricinus communis also has antinociceptive activity, antiasthmatic activity, antihistaminic activity, hepatoprotective activity, wound healing activity, lipolytic activity, anti-inflammatory activity, hair growth activity, bone regeneration activity, anticonvulsant activity, and analgesic activity4,6,7,30,31,39. 
7. Toxicology of Ricinus communis
Some studies have observed that the methanolic leaves extract of Ricinus communis administered to rats at a dose of 100 mg and 200 mg/kg body weight shows that the extract was non-toxic and caused no damage to the vital organs30. Unlike the leaves and other parts of the plant, the seeds are highly toxic when inhaled or ingested orally due to ricin which is a type-2 ribosome-inactivating agent and it is also widely reported as a bioterrorism agent4,30. The presence of ricin and ricinine has resulted in accidental toxic effects with Ricinus communis4.  Some studies have shown that ricin toxicity in mice may vary from hyperactivity to seizure formation and even death at a dose greater than 340 mg/kg intraperitoneally and 3 g/kg orally4. The severity of symptoms of ricin toxicity is dose-related and presents as abdominal pain, emesis, muscular pains, dyspnea, circulatory collapse, dehydration, cramps in the limbs, dysfunction of the kidney, and liver4. Unlike the castor seed which is widely reported to be toxic due to the glycoprotein ricinand the toxic alkaloidal ricinine, castor oil is non-toxic as these components of the seed are not carried along during extraction4,7. 

CONCLUSION
Ricinus communis (castor plant) is a medicinal plant well distributed across the globe and it has been widely used traditionally for the treatment of a vast spectrum of ailments. Research has also shown that it has multiple pharmacological (medicinal) activities against various diseases and disorders, due to the presence of many bioactive phytochemicals such as alkaloids, glycosides, tannins, saponins, steroids, fatty acids, phenols, phytate, oxalate, and volatile constituents. The oil composition and characteristics are influenced by the seed variety and quality, the environmental factors, and the method of extraction. Even though Ricinus communis is rich in multiple bioactive substances with pleasant pharmacological properties, there are very few formulated products for clinical use.  This has limited the immense medicinal benefits of Ricinus communisfrom being tapped maximally.Therefore, there is a great need for the active involvement of formulation scientists in developing nano-formulations ofRicinus communisextracts from the different parts of the plant.This would greatly boost global public healthcare systems.
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