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Abstract: The castor plant (Ricinius communis), belongs to Euphorbiaceae family, whose fruits 

produce castor oil, but as a by-product produce ricin, a potent toxic protein, which makes handling 

dangerous, in addition to being considered as a biological warfare agent. The development of 

simple methods that detect, in a fast way, the presence of ricin toxin (RT), allows to incorporate 

the detoxified castor bean cakes as a nutritional supplement of animal feed. Sodium dodecyl 

sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was assayed for detecting the presence of 

ricin in samples of residual cakes detoxified, treated by autoclave and chemical treatment using 

Ca(OH)2. Results confirmed the efficiency of chemical treatment, stated by biochemical patterns 

of proteins using this SDS-PAGE method. 
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INTRODUCTION 

Ricin is an albumin-like protein, with a heterodimeric structure, belonging to the type II family of ribosome-

inactivating proteins (RIPs) with a molecular weight of 66 kDa. It is composed by a ribosome-inhibiting enzyme 

(32 kDa, A chain or RTA), bound through from a disulfide bond to a galactose/N-acetyl glucosamine-binding 

lectin (34 kDa, B chain or RTB) (Balali-Mood & Moshiri 2015). It is probably the most famous RIP-II, which is 

the only biotoxin listed in the International Convention for the Prohibition of Chemical Weapons and the 

International Convention for the Prohibition of Biological and Toxin Weapons (Zhu et al. 2018, Polito et al. 

2019). The median lethal dose (LD50) of ricin for mice is 3–5 µg kg
-1

 by intravenous injection, and for humans 

is 1–20 mg kg
-1

, equivalent to 3–12 castor beans (Audi et al. 2005). No specific antidotes have been available in 

clinical applications till now (Yang et al. 2023). 

Ricin is a potent cell toxin from the bean of the castor bean plant (Ricinus communis L.). Ricin toxin (RT) 

intoxication depends on the route of administration. Intramuscular injection causes severe localized pain and 

necrosis of regional lymph nodes. Inhalation induces respiratory distress with pulmonary and airway lesions. 

Oral ingestion causes gastrointestinal (GI) hemorrhage and liver, spleen, and kidney necrosis (Audi et al. 2005). 

Sufficient dosage induces necrosis at the injection site, as well as severe local lymphoid necrosis, GI 

hemorrhage, diffuse nephritis and splenitis, and liver necrosis (Audi et al. 2005). 

Various methods for the detection of RT in animal and plant tissues, and fluids have been assayed. Liquid 

chromatography/mass spectrometry (LC/MS) and matrix assisted laser desorption/ionization time-of-flight 

(MALDI-TOF) MS methods were developed for the presumptive identification of ricin toxin and the alkaloid 

marker ricinine from crude plant materials (Darby et al. 2001). A sensitive and rapid method, antibody-

independent assay for the identification of ricin in body fluids using mass spectrometry has been reported  
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(Feldberg et al. 2021). Enzyme-linked immunosorbent assays (ELISA) have become in a very reliable method, 

due to the high sensitivity, provided by the use of monoclonal antibodies, which ensures the reproducibility of 

the assay (Peraile-Muñoz et al. 2017). Detection of ricin genomic DNA by polymerase chain reaction (PCR) is 

also a powerful and reliable method for the detection and characterization of ricin (Sook-Kyung et al. 2006). 

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) has been suggested and assayed, but 

no standard and approved RT detection method currently exists. 

The objective of this work was the development of a biochemical assay based on SDS-PAGE, for rapid 

detection of ricin in samples of residual cakes obtained for nutritional supplement for animal feed. 

MATERIALS AND METHODS 

The oil extraction process consisted of separating the fatty part of the castor seeds from the other 

components. The dry seed that met the quality criteria was subjected to the pressing process in a hydraulic press. 

A pressure range of 80 bar was applied. The oily mass obtained falls into a container after being previously 

filtered (filtration I) through a mesh or strainer. The remaining solid or cake is subjected to a second pressing 

and subsequently recovered as a by-product.  

Castor cake detoxification 

Two methods were tested. The physical method used was autoclave sterilization (1 atm, 15 psi. for 60 min). 

The chemical detoxification of the castor cake was carried out using a Ca(OH)2 solution (0.1 g per ml of water), 

as described by De Oliveira et al. (2007), that is to say that for 10 liters of the solution, 16 kg of cake were 

added. It was mixed and left to rest for 24 hours and later it was dried by exposure to the sun. 

Protein diagnostic 

Protein diagnostic was performed employing Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis 

(SDS-PAGE) (Manns 2001), in denaturing conditions.  

In an eppendorf tube, one ml of 1% NaCl extraction buffer was added to 0.1 grams of residual cake, and 

centrifuged at 10,000 rpm for 20 minutes at 25°C. The supernatant (crude protein extract) was removed. For 

electrophoresis, to 10 µl of this extract, 20 µl of SDS buffer (60 mM Tris–HCL, pH 6.8), 100 ml l
-1

 of glycerol, 

20 g l
-1

 of sodium dodecyl sulfate (SDS), 0.25 g l
-1

 of L of bromophenol blue and 0.25 g l
-1

 of β-

mercaptoethanol) were added. The mixture was subjected to 100°C for 5 minutes after which 20 µl were taken 

to deposit them in each well of the gel. Initially the electrophoretic run was conducted at 50 volts until the dye 

band reached the surface of the separator gel, thereafter it was increased to 140 volts, where it was maintained 

until the dye approached the lower extremity of the gel, where the electrophoretic run was terminated. The gels 

were removed from the chamber and subjected to a staining solution (1.5 g Coomassie Brilliant Blue, 90 ml 

glacial acetic acid, 450 ml ethanol and 460 ml distilled water) for 24 hours and then distaining (100 ml of glacial 

acetic acid, 500 ml of ethanol and 400 ml of distilled water) for 12 hours. For the identification of ricin 

fractions, a molecular weight marker from 6.5 to 200 kDa (BIORAD) was used. 

RESULTS AND DISCUSSION 

SDS-PAGE application allowed to characterize ricin by purity and migration behavior on the acrylamide gel 

and has been shown in figure 1. Samples were run on 15 % SDS-Polyacrylamide gel. Lanes 1, 4 and 7 

correspond to castor bean cake (0.1, 0.3 and 0.5g respectively) without treatment. A double band of around 31 

kDa is observed. Lanes 2, 5, 8, corresponding with castor bean cake (0.1, 0.3 and 0.5 g respectively) treated with 

autoclave, did not show the expected effect on the protein band. A decrease in the presence of protein bands is 

observed, including the double band corresponding to the protein ricin. Nevertheless, this result is not consistent 

with the previously obtained by Anandan et al. (2005), who determined that autoclaving was the physical 

method that was able to completely remove ricin. This means that autoclaving treatment was not sufficiently 

efficient to fully detoxify the sample. At the same time, lanes 3, 6, 9, corresponding with castor bean cake (0.1, 

0.3 and 0.5 g respectively), treated with Ca(OH)2 evidenced the disappearance of all the protein bands with this 

compound. The disappearance after the Ca(OH)2 treatment assayed for ricin detoxification, confirmed the  

effectiveness of this treatment. 

In practical terms, Ca(OH)2 treatment is easier and cheaper than autoclaving treatment, which requires the 

existence of the apparatus. At the same time, the amount for detoxifying is considerably lower using the 

physical method. That means, the result obtained satisfies the requirements for the practical application of this 

technique. We have characterized the purity and the subunit composition of ricin using SDS-PAGE. 
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Figure 1. SDS-PAGE of ricin determination: M- Molecular weight marker; Lanes 1, 4, 7- Castor bean cake (0.1, 0.3 and 

0.5g) without treatment; Lanes 2, 5, 8- Castor bean cake (0.1, 0.3 and 0.5g) treated with autoclave; Lanes 3, 6, 9- Castor 

bean cake (0.1, 0.3 and 0.5g) treated with Ca(OH)2. [Observe the double bands corresponding to the proteins ricin and 

agglutinin and disappearance of all the protein bands after treatment with Ca(OH)2] 

Ramírez-Hernández (2017) employed SDS-PAGE method for confirmation of detoxification of castor bean 

cake for use as nutritional supplement of bovine livestock. 
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