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B.3. DATA ON APPLICATION 
 

 

B.3.1. USE OF THE ACTIVE SUBSTANCE 
Elicitor and plant activator. 

 

B.3.2. FUNCTION 
The active substance 24-Epibrassinolide is an elicitor of plant’s self-defence mechanisms against fungal 

diseases, as well as a plant activator to protect plants against abiotic stresses and to promote plant development. 

 

B.3.2.1 Function as elicitor 

The active substance 24-Epibrassinolide is an elicitor of plant’s self-defence mechanisms against fungal diseases 

such as grey mould BOTRCI (Botryotinia fuckeliana) on wine and table grapes VITVI, downy mildew and 

bottom rot RHIZSO (Thanatephorus cucumeris) on leaf vegetables e.g. lettuce LACSA, and leaf spot of beet 

CERCBE (Cercospora beticola) on sugar beet BEAVA. 

 

B.3.2.2 Function as plant activator 

The active substance 24-Epibrassinolide is a plant activator with stress-protective properties against abiotic stress 

such as salinity, drought, cold and mechanical stress. Additionally, 24-Epibrassinolide increases the utilisation of 

nutrients and thus increases crop quality and yield. As plant activator, 24-Epibrassinolide protects wine and table 

grapes VITVI and cucurbits 1CUCF/FFFKU against environmental stress and promotes yield and quality 

increase. 

 

 

B.3.3. EFFECTS ON HARMFUL ORGANISMS 
24-Epibrassinolide does not target pathogens directly, and has no direct fungicidal or any antagonistic effect 

against harmful organisms. It acts by activating and enhancing the defence and immune system of plants. 

 

Brassinosteroids in general are recognized by plant receptors and trigger a cascade of biochemical reactions and 

protein-protein interactions. Brassinosteroids stimulate the level of proteins and osmoprotectants (Anuradha and 

Rao, 2002; Bajguz and Hayat, 2009) and increase the relative water content and water uptake, leaf water 

potential, water use efficiency, stomatal conductance, transpiration rate, photosynthetic activity and antioxidative 

enzyme activity within the plant (Anjum et al., 2011; Fariduddin et al., 2013; Hayat et al., 2010). In summary, 

Brassinosteroids applied preventively in the appropriate stage of plant development and within a certain 

concentration range, activate plant activity and elicit plant’s self-defence mechanisms resulting in a more 

efficient response when pathogens attack the plant or when environmental stress occurs. 24-Epibrassinolide has 

no direct effect on harmful organisms. 

 

Endogenous Brassinosteroids are synthesized inside the cell and only transported over short distances to the 

exterior surface of this cell or to the surfaces of neighbouring cells (Symons et al., 2008). This is consistent with 

results of studies showing that Brassinosteroid biosynthesis genes are widely expressed in plant tissues, and 

transcript levels are generally higher in tissues with high Brassinosteroid levels (reviewed by Nomura and 

Bishop, 2006). Thus, it is likely that endogenous Brassinosteroid levels in plant tissues are primarily regulated 

through the tissue-specific control of Brassinosteroid synthesis, catabolism, and inactivation rather than through 

long-distance transport (Symons and Reid, 2004). 

 

Some transport studies have been performed with exogenously applied Brassinosteroids on roots that show root 

to shoot movement (e.g. Yokota et al., 1992; Nishikawa et al., 1994). However, when applied directly to shoot 

tissues, exogenous Brassinosteroids appear to be relatively immobile. For instance, when 3H-labelled 

Brassinolide or 3H-labelled Castosterone was applied to pea leaves, it entered the leaves, but was not transported 

to other plant organs (Symons and Reid, 2004). It is therefore concluded that long distance transport of 

exogenously applied brassinosteroids is unlikely to occur, and if, only very slow movement is expected. 

 

 

B.3.4. FIELD OF USE ENVISAGED 
24-Epibrassinolide is an elicitor of plant’s self-defence mechanisms and a plant activator in agriculture 

(viticulture, arable crops, and vegetable production). 
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B.3.4.1: Field of use envisaged - elicitor 

24-Epibrassinolide is applied as an elicitor of plant’s self-defence mechanisms in agricultural crops: 

Viticulture - wine and table grapes VITVI 

Arable crops – sugar beet BEAVA 

Vegetable production –e.g. lettuce (field and glasshouse use) LACSA 

 

For the use as an elicitor of plant’s self-defence mechanisms against grey mould BOTRCI (Botryotinia 

fuckeliana) in grapes a maximum of three applications at BBCH 15 to 85 by air blast spraying is recommended 

per season. To control Cercospora beticola CERCBE on sugar beet a maximum of three applications at BBCH 

12-39 by foliar application is recommended per season. For downy mildew and Rhizoctonia bottom rot RHIZSO 

(Thanatephorus cucumeris) in leaf vegetables e.g. lettuce a maximum of two applications at BBCH 10-41 by 

foliar application is recommended per season. 

 

Products containing 0.01% of 24-Epibrassinolide act concentration-dependent and have to be applied with a 

dilution rate of 1:2000 for wine and table grapes and sugar beet; and with a dilution rate of 1:1000 for lettuce. It 

is not possible to determine a fixed application rate in kg or g per ha. Therefore the product dose or amount of 

a.s. /ha will vary with the spray volume.  

 

Remark evaluator: In particular in high growing crops such as grapevine different spray volumes are applied in 

practise, depending on the application technique, and also due to local preferences. Therefore a fixed 

concentration will be difficult to allocate to practice. In the grapevine use already a concentration range is 

indicated (See B.3.3-PPP). Overall, the minimum effective doses will be determined on product level. 

 

24-Epibrassinolide is to be applied preventively before biotic stress occurs. For all crops the minimal interval 

between applications is seven days. 

 

 

B.3.4.1: Field of use envisaged – plant activator 

24-Epibrassinolide is applied as a plant activator in agricultural crops: 

Viticulture - wine and table grapes VITVI 

Vegetable production – cucurbits 1CUCF/FFFKU, leaf vegetables e.g. lettuce LACSA (both field and 

glasshouse use) 

 

24-Epibrassinolide is applied in wine and table grapes and cucurbits to protect the crops against environmental 

stress. For the prevention of environmental stress and thus for quality and yield increase in wine and table grapes 

a maximum of two applications is recommended at BBCH 71-79. For the use against abiotic stress in cucurbits a 

maximum of three applications at BBCH 12 to 69 is recommended per season. 

 

Products containing 0.01% of 24-Epibrassinolide act concentration-dependent and have to be applied with a 

dilution rate of 1:2000 to 1:3000 for wine and table grapes and cucurbits. 24-Epibrassinolide has to be applied 

preventively before abiotic stress occurs. The minimal interval between applications is seven days. 

 

Remark evaluator: Due to the fact that depending on the application technique, and also due to local preferences, 

different spray volumes are applied in practise, in particular in high growing crops such as grapevine. Therefore 

a fixed concentration will be difficult to allocate to practice; and in the grapevine use already a concentration 

range is indicated (See B.3.3-PPP). However, the minimum effective doses will be assessed later on product 

level. 

 

B.3.5. HARMFUL ORGANISMS CONTROLLED AND CROPS OR PRODUCTS PROTECTED OR TREATED 
No direct effect on harmful organisms occurs but numerous plant defence responses against pathogens are 

activated. Applied preventively, 24-Epibrassinolide is intended to protect the plants against biotic and abiotic 

stress by activating and enhancing the defence and immune system of plants. 

 

According to the fields of use envisaged, 24-Epibrassinolide is intended to induce plant’s self-defence 

mechanisms against grey mould BOTRCI in grapes VITVI, CERCBE on sugar beet BEAVA, and downy 

mildew BREMLA and RHIZSO in leaf vegetables e.g. lettuce LACSA. 

Furthermore, 24-Epibrassinolide is intended to protect wine and table grapes VITVI and cucurbits 

1CUCF/FFFKU against environmental stress, and to increase quality and yield of wine and table grapes. 
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B.3.6. MODE OF ACTION 
The presence of steroidal hormones in plants was detected more than three decades ago, when brassinolide was 

found in Brassica napus pollen (Grove et al., 1979). The precursor of brassinolide in biosynthesis, castasterone, 

was isolated from insect galls of Castanea crenata (Yokota et al., 1982). 

Brassinosteroids including 24-Epibrassinolide are naturally occurring, plant growth promoting molecules, 

present in higher plants, lower plants (e.g. Equisetum; Takatsuto et al., 1990a), and outside the regnum of plants, 

also in higher fungi. An example table is available in MCA-3, Table 3.7-1. 24-Epibrassinolide was found in 

higher plants such as Phoenix, Oryza, Gypsophila, Fagopyrum, Daucus, Arabidopsis, Brassica, Vicia, 

Phaseolus, Malus, Aegle, Thea, Helianthus, Bacopa, Coffea, Solanum. 

Brassinosteroids are present in all plant organs such as pollen, anthers, seeds, leaves, stems, roots, flowers, 

grains and fruits, with the highest concentrations found in pollen, seeds and fruits (Zhu et al., 2013), and 

considered an obligatory plant constituent. Pollen and immature seeds show contents of Brassinosteroids in a 

range of 0.001 – 6400 µg/kg fresh weight, while shoots and leaves usually show lower concentrations of 0.001 – 

100 µg/kg fresh weight. Fruits, e, g. apples contain 10-35 µg/kg fresh weight.  

 

The concentration of Brassinosteroids in plants is regulated by a complex system of feedback pathways (e.g. 

Saini et al., 2015) and Brassinosteroids are constantly synthesised, metabolised, activated and inactivated 

depending on the plant’s needs as well as environmental cues. The concentrations of Brassinosteroids are 

continuously fluctuating - spatially and temporally: in a single plant, different concentrations can be measured 

simultaneously in different plant organs, cell structures and cells as well as in the same location at different times 

(e.g. Symons et al., 2008). 

 

Brassinosteroids have been found to play an important role in various vital functions of plants, including stem 

elongation, pollen tube growth, leaf bending, leaf unrolling, root inhibition, and cell elongation (Nakashita et al., 

2003). Furthermore, various studies verified mediation of plant stress responses such as activation of cold 

resistance and induction of ethylene biosynthesis. 

Khripach et al. (2000) have shown that Brassinosteroids mediate augmented resistance to unfavourable 

environmental factors, stress and diseases. Exogenous exposure has been connected to specific antioxidative 

effects, via improvement of synthesis of photosynthetic pigments and antioxidant enzymes activity (Niu et al., 

2016). 

 

Intracellularly, Brassinosteroids have been found as free molecules, as well as conjugated to sugar and fatty 

acids due to their lipophilic nature (Bajguz and Tretyn, 2003). Within the scope of molecular characterisation, 

most research on the Brassinosteroid receptor system has been conducted with the Brassinosteroid Brassinolide. 

 

Within plants, Brassinosteroids bind to specific membrane-bound plant receptors, leading to distinct signal 

transduction cascades which are currently not fully characterized. One of the best defined membrane receptors is 

the plant specific leucine-rich repeat receptor-like kinase BRI1 (Ross and Reid, 2010). After indirect binding of 

active Brassinolide, presented on carrier proteins (Thummel and Chory, 2002) to the outer-membrane bound 

domain, the intracellular leucine-rich receptor-like kinase BRI1-Associated Receptor Kinase1 (BAK1) is 

activated. This activation leads to ligand-induced homo- or hetero-oligomerization, followed by 

autophosphorylation of the cytoplasmic domain (Wang et al., 2005). Subsequently, intracellular signal 

transduction is activated, consisting of the soluble glycogen synthase kinase 3-like kinase (BIN2), the 

phosphatase Serine/threonine-protein phosphatase BSU1 and the Brassinosteroid signalling positive regulator 

transcription factors, BZR1 and BZR2. Activation of this highly conserved pathway, leads to gene activation, 

promoting cell elongation, division and differentiation of monocot, as well as eudicot cells. Current research has 

shown that defects of BRI1 lead to deficiency in plant growth, like dwarfism, delayed senescence, flowering and 

male infertility (Wang et al., 2008).  

 

However, the distinct role of BAK1 is yet not fully understood. Current findings have raised the possibility of 

BAK1-independent binding of Brassinosteroids to the inactive BRI1 homodimer which induces dissociation of 

the BRI1 monomers, followed by interaction with BAK1 via the kinase domain (Wang et al., 2005). Another 

target for BAK1 is the Botrytis-Induced Kinase1 (BIK1) which plays important roles in induced defence against 

fungal and bacterial pathogens (Lei et al., 2014) yet this kinase has been found to negatively regulate 

Brassinolide signalling (Kazan and Lyons, 2014). 

 

Furthermore, BRI1 was found to be associated with the pathogen-associated molecular pattern (PAMP) receptors 

FLS2 and EFR upon PAMP binding (Kazan and Lyons, 2014). Concluding from this interaction, BAKI1 
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function can be associated with plant defence and hormone signalling, promoting resistance or susceptibility 

against different pathogens (Kazan and Lyons, 2014; Nakashita et al, 2003). In addition to that, the activated 

BZR1 transcription factor is known to affect expression of WRKY transcription factors, as well as other defence 

genes. Hereby, Brassinolide-mediated plant growth and plant defence mechanisms are negatively correlated.  

 

Structurally, the Brassinolide receptor system is related to the TGF-β transmembrane receptor kinase signal 

transduction pathway in animals (Ross and Reid, 2010). However, the effect of Brassinolide has been validated 

as limited to higher protein metabolism, not linked to any sex hormone receptor (Oklešt′ková et al., 2015). 

Brassinosteroids act independently of the genome via cell-surface signalling, involving indirect inactivation of 

the plant glycogen synthetase kinase 3 (GSK3)-like kinase BIN2 (Esposito et al., 2011). In animals, lipophilic 

steroids bind to steroid receptors, located either in the cytosol or in the nucleus by diffusing through the plasma 

membrane. This ligand binding leads to conformal change and dimerization, targeting direct DNA binding. In 

experimental binding assays, Brassinolide has been shown not to be capable of binding to these mammalian-

specific receptors (Oklešt′ková et al., 2015). This has been confirmed by genome alignment, not revealing BRI1-

like gene sequences in mammals and, vice versa, no animal-receptor similarity in plants (Ross and Reid, 2010). 

Furthermore, Thummel and Chory (2002) have shown that BRI1 perceives the BR signal through its 

extracellular domain and initiates a signal transduction cascade through its cytoplasmic kinase activity. This 

poses the striking difference to animal steroid nuclear receptors that directly activate target gene expression upon 

ligand binding. 

 

An important feature is the ability of Brassinosteroids to act in extremely low concentrations. The typical range 

of brassinosteroids for agricultural applications is between 5 and 50 mg per hectare for growing plants. The 

authors further conclude that if it is assumed that the highest dose is fully absorbed by plants, the average 

brassinosteroid concentration is 10
-7

% or 2.1 x 10
-3

 nmol/g at a plant biomass of 50 tonnes per hectare. If only a 

part of the brassinosteroid is absorbed by the plants, the concentration would be even lower. Although this 

concentration is extremely low, the result is close to the natural brassinosteroid concentration in plants (Khripach 

et al, 2000). 

 

24-Epibrassinolide belongs, besides 28-Homobrassinolide and Brassinolide, to the most biological active 

Brassinosteroids, all three having similar chemical structures. 24-Epibrassinolide differs from Brassinolide by 

the configuration at C24 (Khripach et al., 2000). All three act in low concentrations between 0.1 – 0.001 ppm 

(Ikekawa and Zhao, 1991). 

 

 

B.3.6.1 Mode of Action – Plant activator use 

Application of brassinosteroids leads to a complex sequence of biochemical reactions such as activation or 

suppression of key enzymatic reactions, induction of protein synthesis and the production of various chemical 

defence compounds (Bajguz and Hayat, 2009). Brassinosteroid treated plants are more tolerant to abiotic stress 

than untreated plants.  

 

Drought, salinity or freeze-induced dehydration leads to osmotic stress within the plant because homeostasis and 

ion distribution in the plant cells are disrupted. Brassinosteroid application stimulates the level of proteins and 

osmoprotectants (e.g. proline) (Anuradha and Seeta Ram Rao, 2002; Bajguz and Hayat, 2009). Moreover, 

brassinosteroid application can increase the relative water content and water uptake, leaf water potential, water 

use efficiency, stomatal conductance, transpiration rate, photosynthetic activity and antioxidative enzyme 

activity  (Anjum et al. 2011; Fariduddin et al., 2013; Hayat et al., 2010).  

 

High temperature, drought and salinity can cause oxidative stress which results in denaturation of structural 

proteins and an increase of Reactive Oxygen Species (ROS). Exogenous application of Brassinosteroids 

modifies antioxidant enzymes and non-enzymatic antioxidants (e.g. ascorbic acid). In regard of heavy metal 

stress, application of Brassinosteroids stimulates the synthesis of phytochelatins (heavy metal-binding peptides) 

and enhances enzyme activity. Moreover, Brassinosteroid pre-treatment can increase resistance of plants to 

pesticides, which might be mediated by enhanced activities of CO2 assimilation (Bajguz and Hayat, 2009).  

 

Brassinosteroids activate the plant’s self-defence mechanisms meditating the plant’s resistance to unfavourable 

environmental stress like salinity, drought, cold and heat stress. The molecular mode of action of BR-signaling 

that enables abiotic stress responses is largely unknown. An exemption is an actual study of Eremina et al. 2016, 

who investigated the molecular mode of action of Brassinosteroid participation in the control of freezing 

tolerance. It was shown that Brassinosteroids promote the freezing resistance of plants before and after cold 
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acclimation whereas BR-deficient mutants were hypersensitive to freezing stress. Evidence was provided that the 

BR-controlled basic helix-loop-helix transcription factor CESTA (CES) can contribute to the constitutive 

expression of the C-REPEAT/DEHYDRATION-RESPONSIVE ELEMENT BINDING FACTOR [CBF) 

transcriptional regulators that control cold responsive (COR) gene expression. These COR genes are a group of 

genes which are induced by cold and other types of abiotic stress such as drought or osmotic stress. In addition, 

non CBF regulon types of COR Genes are identified that are regulated by the BR-CES/BEE pathway during cold 

acclimation. In the study Arabidopsis was exposed in laboratory experiments to slowly decreasing temperatures. 

It was found that with decreasing temperature, the transcription starts to change. In contrast, BR deficient 

mutants, which were no longer able to produce brassinosteroids themselves or recognize them as a signal, 

already showed significant damage at temperatures of minus six degrees. For this reason, brassinosteroids may 

offer solutions for problems that could arise in agriculture in the course of the climate change. 

 

 

B.3.6.2 Mode of Action – Elicitor use 

Brassinosteroid application can reduce incidence and severity of different pathogens by increasing the natural 

plant resistance (Ding et al., 2009; Khripach et al., 2000; Nakashita et al., 2003; Xia et al., 2011). Most data from 

literature show that 24-Epibrassinolide elicits self-defence mechanisms against fungal diseases (Ding et al., 

2009; Khripach et al., 2000; Xia et al. 2011). Furthermore an enhancement of plant resistance to viral and 

bacterial infections is described (Khripach et al.; Nakashita et al., 2003). These data indicate that exogenous 

Brassinosteroids can act efficiently in plants as immuno-modulators, when applied at the appropriate dose and at 

the correct stage of plant development.  

 

The pathogen-protective action of Brassinosteroids is the result of a complex sequence of biochemical shifts 

such as activation or suppression of key enzymatic reactions, induction of protein synthesis, and the production 

of various chemical defence compounds.  

 

Ding et al. (2009) investigated the effect of root and foliar applications of 24-Epibrassinolide on fusarium wilt in 

cucumber. Moreover, the influence on the antioxidant and phenolic metabolism in roots was evaluated. The 

results showed that treatment with 24-Epibrassinolide significantly reduced disease severity of fusarium wilt on 

cucumber. In addition, plant growth was improved and thus losses in biomass could be reduced. It was shown, 

that treatment with 24-Epibrassinolide reduces the pathogen-induced accumulation of Reactive Oxygen Species 

(ROS), flavonoids and phenolic compounds. Moreover, Brassinosteroid application triggers a slight increase in 

H2O2 concentration followed by the expression of defence-related genes. 

 

 

Tofighi, et al (2017) investigated the effect of the application of 24- Epibrassinolide on wheat plants under salt 

stress inoculated with the arbuscular mycorrhizal fungus, Glomus mosseae. Both 24-Epibrassinolide and the 

mycorrhizial fungus positively influenced plant development independent from each other; no direct interaction 

between the fungus and 24-Epibrassinolide was described. For this reason, the combination of the fungus and 

24-Epibrassinolide had a cumulative effect on plant development and growth, but no direct effect between 

Glomus mosseae and 24-Epibrassinolide is reported, or to be expected. 

 

 

Growth promoting or stimulating effects of certain brassinosteroids are not only described for plants but also for 

the development of certain fungi. Moreover, brassinosteroids are naturally occurring in some fungi (Takatsuto et 

al., 1990a) e.g. in Cercospora arachidicola (Zakharychev, 1999, in Tsavkelova et al., 2006). 

 

Cultivation of the mycelium of the fungus Psilocybe cubensis, a species of psychedelic mushrooms, in the 

presence of the synthetic, unnatural 22S, 23S-homobrassinolide resulted in a 2-3 times accelerated mycelial 

growth on malt agar. Moreover, an increase in biomass, a decrease in number of weeks to produce fruiting 

bodies and a higher number of produced fruiting bodies, compared to the untreated control was detected on 

dung/grain substrate (Gartz, 1990). Finally, application of the synthetic and unnatural 22S, 23S-

homobrassinolide influenced the morphology of the fungus and suppressed the formation of incomplete fruit 

body production. 

22S, 23S-homobrassinolide is a synthetic brassinosteroid analog not occurring naturally in which the carbon 

skeleton of the side chain that is characteristic for natural brassinosteroids is maintained but an unnatural 

configuration of the hydroxyl groups at C22 and C23 (22S, 23S diol functional group) is present. 
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The results of Gartz 1990 suggest that synthetic brassinosteroid analogs, not occurring naturally, could play a 

physiological role in higher fungi and could also be relevant for the production of mushrooms to promote the 

development of fruiting bodies and to improve crop quality of eatable mushrooms. 

 

Growth promoting effects of 24-Epibrassinolide on plant pathogenic fungi are not to be expected due to the 

following reasons: 

- Effects of brassinosteriods on fungi (Gartz 1990) are described for synthetic brassinosteroid analogs, not 

occurring naturally in the environment 

- Natural occurring brassinosteroids, such as 24-Epibrassinolide represent ubiquitous, phylogenetically ancient 

phytohormones, which may have evolved in the Pre- Cambrian (Kutschera and Wang, 2012). Therefore fungi 

and plant pathogenic fungi are exposed to brassinosteroids since millions of years. 

- Brassinosteroids are naturally occurring in some fungi (Takatsuto et al., 1990a) e.g. in Cercospora 

arachidicola (Zakharychev, 1999 in Tsavkelova et al., 2006)* 

- In the trials conducted with 24-Epibrassinolide in wine and table grapes, lettuce and sugar beet (Please refer to 

3CP-B3) a decrease in severity of disease symptoms caused by the plant pathogens Botrytis cinerea in wine 

grapes, Bremia lactucae and Thanatephorus cucumeris in lettuce, and Cercospora beticola in sugar beet were 

observed. In addition, the reduction of incidence and severity of different fungal plant pathogens is described for 

brassinosteroids widely in literature for many fungal pathogen species and crops (e.g. Ding et al., 2009; 

Khripach et al., 2000; Xia et al., 2011). The beneficial effect of brassinosteroids ascribed to the increase of the 

natural resistance of the plants treated and not on direct effects of brassinosteroids on fungi in general or plant 

pathogenic fungi in particular. 

 

Studies submitted as well as literature data indicate, that exogenously applied Brassinosteroids can act efficiently 

in plants as immuno-modulators, when applied at the appropriate dose and at the correct stage of plant 

development without showing any adverse effects to the crop or direct influences on growth of plant pathogenic 

fungi. 

 

 

B.3.6.3 Mode of Action – literature search 

The mode of action of 24-Epibrassinolide as a plant activator and elicitor is evident from the descriptions of the 

agricultural use of Brassinosteroids in scientific literature. 

 

A literature search for the active substance 24-Epibrassinolide was performed in accordance to the provisions of 

the EFSA Guidance “Submission of scientific peer-reviewed open literature for the approval of pesticide active 

substances under Regulation (EC) 1107/2009; EFSA Journal 2011, 9(2):2092”. 

 

Data point addressed: CA 3.6.3/01 

Author(s) (year): Reisinger, T., Huber, L. (2017) 

Title: LITERATURE REVIEW REPOT - ACTIVE SUBSTANCE: 24-

Epibrassinolide 

Laboratory report / project 

Number (Doc. No.): 

PP309-00002 

Testing facility: Scientific Consulting Company, Bad Kreuznach, Germany 

Published: No 

Test guideline used:  

Deviations: None 

GLP: No 

 

In total, 854 records were retrieved from bibliographic databases and were screened by expert reviewers as 

described under MCA 9.1. 

 

Moreover, the records of the literature search were also screened regarding descriptions of plant activator effects 

(biostimulant and stress-protective effects) as well as elicitor effects (induction of plant resistance). Based on the 

evaluation of the titles, 479 of 854 records (56.1%) deal with plant activator effects of 24-Epibrassinolide and 25 

of 854 records (2.9%) deal with elicitor effects of 24-Epibrassinolide. Furthermore, the 479 titles which describe 

plant activator effects were categorized in more detail as shown in Table 3.6.3-1. The overview shows, that the 

stress-protective properties of 24-Epibrassinolide are subject of many research projects and thus are well known 

and described. 24-Epibrassinolide shows anti stress activity against cold stress, heat stress, drought stress, heavy 
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metal stress, salt stress and oxidative stress. 37.6 % of the records deal with biostimulant effects such as yield 

and quality increase, enhanced photosynthetic effects and anti-senescence effects. 

 

Table 3.6.3-1: Literature evaluation of EFSA compliant literature search regarding plant activator 

effects of 24-Epibrassinolide 

Biostimulant and stress protective 

effects 

Number of records % 

Cold stress 37 7.7 

Heat stress 34 7.1 

Drought stress 21 4.4 

Heavy metal stress 64 13.4 

Salt stress 70 14.6 

Oxidative stress 19 4.0 

Environmental stress
1
 54 11.3 

Biostimulant effects 180 37.6 

Total 479 100 
1
 Different stresses were investigated 

 

Remark evaluator: According to Art. 8(%) of Regulation 1107/2009, “Scientific peer-reviewed open literature, 

as determined by the Authority, on the active substance and its relevant metabolites dealing with side-effects on 

health, the environment and non-target species and published within the last 10 years before the date of 

submission of the dossier shall be added by the applicant to the dossier.” Therefore, usually no literature search 

is carried out for Section B-3. 

 

 

B.3.7. INFORMATION ON THE OCCURRENCE OR POSSIBLE OF THE DEVELOPMENT OF RESISTANCE 

AND APPROPRIATE MANAGEMENT STRATEGIES 
 

Resistance of a pathogen to a plant protection active substance, results from mutation of one or more genes in the 

genome of the pathogen population and differential survival of its offspring in presence of the chemical (Brent et 

al., 2007). 

 

Elicitors and plant activators such as 24-Epibrassinolide do not target pathogens directly and no selective 

pressure is exerted on the pathogen or its descendants. As it has been shown, 24-Epibrassinolide triggers 

numerous natural, plant‘s own defence responses. Therefore, no development of resistance in a pathogen is 

expected. Moreover, according to the Fungicide Resistance Action committee (FRAC Code List 2016: 

Fungicides sorted by mode of action (including FRAC Code numbering)), no pathogen resistance has been 

observed for the Mode of Action Code P: Host Plant defence induction. Brassinosteroids are not jet included in 

the FRAC MOA list. 

 

Brassinosteroids represent ubiquitous, phylogenetically ancient phytohormones that promote growth in land 

plants as well as in green freshwater algae. According to Kutschera and Wang (2012), Brassinosteroids may 

have evolved in the Pre-Cambrian, at a time during the evolution of life on earth, when the split between uni- 

and multicellular green algae (which later gave rise to the embryophytes) had not yet occurred. Brassinosteroids 

are present in all plant organs such as pollen, anthers, seeds, leaves, stems, roots, flowers, grains and fruits with 

the highest concentrations found in pollen, seeds and fruits (Zhu et al., 2013). Pollen and immature seeds show 

contents of Brassinosteroids in a range of 0.001 – 6400 µg/kg fresh weight, while shoots and leaves usually show 

lower concentrations of 0.001 – 100 µg/kg fresh weight. These data confirm that Brassinosteroids are obligatory 

plant constituents. The range of concentrations and structures of Brassinosteroids that can be found in plants are 

temporally and spatially very variable and characteristic for a given plant species at specific stages of plant 

development and plant organ. The highest measured concentration is about 6400 ng 6-Deoxotyphasterol/g fresh 

weight in the pollen from Arizona Cypress (Cupressus arizonica Greene). 

 

For Elicitors and plant activators such as 24-Epibrassinolide no development of resistance or cross-resistance is 

expected due to their mode of action and due to the fact that they do not target pathogens directly and that they 

are obligatory plant constituents.  
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In document M-CA3 a summary table is provided (Table 3.7-1) based on open literature and without any claim 

to completeness. According to the presented literature, 24-Epibrassinolide was found in higher plants such as 

Phoenix, Oryza, Gypsophila, Fagopyrum, Daucus, Arabidopsis, Brassica, Vicia, Phaseolus, Malus, Aegle, Thea, 

Helianthus, Bacopa, Coffea, Solanum. It is to be expected that Brassinosteroids are also ubiquitous distributed in 

organisms not included in this table.  
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S IN THE POLLEN 

AND ANTHERS OF 

ERYTHRONIUM 

JAPONICUM DECNE 

Report No.: na (092-

067) 

Bioscience, 

Biotechnology and 

Biochemistry, 1995, 59 

(11), 2156-2158 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/15 

Suzuki, H. 

Fujioka, S. 

Yokota, T. 

Murofushi, 

N. 

Sakurai, A. 

1994 IDENTIFICATION OF 

BRASSINOLIDE, 

CASTASTERONE, 

TYPHASTEROL AND 

TEASTERONE FROM 

THE POLLEN OF 

LILIUM ELEGANS 

Report No.: na (092-

054) 

Bioscience, 

Biotechnology and 

Biochemistry, 1994, 58 

(11), 2075-2076 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/16 

Abe, H. 

Honjo, C. 

Kyokawa, 

Y. 

Asakawa, 

S. 

Natsume, 

M. 

Narushima

, M. 

1994 3-OXOTEASTERONE 

AND THE 

EPIMERIZATION OF 

TEASTERONE: 

IDENTIFICATION IN 

LILY ANTHERS AND 

DISTYLIUM 

RACEMOSUM 

LEAVES AND ITS 

BIOTRANSFORMATI

ON INTO 

N N  public N.A. 
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TYPHASTEROL 

Report No.: na (092-

005) 

Bioscience, 

Biotechnology and 

Biochemistry, 1994, 58 

(5), 986-989 

Not GLP, published 

KCA 

3.7/17 

Asakawa, 

S. 

Abe. H. 

Kyokawa, 

Y. 

Nakamura, 

S. 

Natsume, 

M. 

1994 TEASTERONE 3-

MYRISTATE: A NEW 

TYPE OF 

BRASSINOSTEROID 

DERIVATIVE IN 

LILIUM 

LONGIFLORUM 

ANTHERS 

Report No.: na (092-

009) 

Bioscience, 

Biotechnology and 

Biochemistry, 1994, 58 

(1), 219-220 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/18 

Asakawa, 

S. 

Abe, H. 

Nishikawa, 

N. 

Natsume, 

M. 

Koshioka, 

M. 

1996 PURIFICATION AND 

IDENTIFICATION OF 

NEW ACYL-

CONJUGATED 

TEASTERONES IN 

LILY POLLEN 

Report No.: na (092-

010) 

Bioscience, 

Biotechnology and 

Biochemistry, 1996, 60 

(9), 1416-1420 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/19 

Soeno, K. 

Kyokawa, 

Y. 

Natsume, 

M. 

Abe, H. 

2000 TEASTERONE-3-O-ß-

D-

GLUCOPYRANOSID

E, A NEW 

CONJUGATED 

BRASSINOSTEROID 

METABOLITE FROM 

LILY CELL 

SUSPENSION 

CULTURES AND ITS 

IDENTIFICATION IN 

LILY ANTHERS 

Report No.: na (092-

050) 

Bioscience, 

Biotechnology and 

Biochemistry, 2000, 64 

(4), 702-709 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/20 

Plattner, 

R.D. 

Taylor, 

S.L. 

1986 DETECTION OF 

BRASSINOLIDE 

AND 

CASTASTERONE IN 

N N  public N.A. 
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Grove, 

M.D. 

ALNUS GLUTINOSA 

(EUROPEAN ALDER) 

POLLEN BY MASS 

SPECTROMETRY/M

ASS 

SPECTROMETRY 

Report No.: na (092-

047) 

Journal of Natural 

Products, 1986, 49 (3), 

540-545 

Not GLP, published 

KCA 

3.7/21 

Takatsuto, 

S. 

Abe, H. 

Yokota, T. 

Shimada, 

K. 

Gamoh, K. 

1996 IDENTIFICATION OF 

CASTASTERONE 

AND TEASTERONE 

IN SEEDS OF 

CANNABIS SATIVA 

L. 

Report No.: na (092-

062) 

Japan Oil Chemists' 

Society, 1996, 45 (9), 

871-873 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/22 

Schmidt, J. 

Boehme, 

F. 

Adam, G. 

1996 24-

EPIBRASSINOLIDE 

FROM GYPSOPHILA 

PERFOLIATA 

Report No.: na (092-

049) 

Zeitschrift für 

Naturforschung, 1996, 

51 c, 897-899 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/23 

Yokota, T. 

Arima, M. 

Takahashi, 

N. 

1982 CASTASTERONE, A 

NEW 

PHYTOSTEROL 

WITH PLANT-

HORMONE 

POTENCY, FROM 

CHESTNUT INSECT 

GALL 

Report No.: na (092-

072) 

Tetrahedron letters, 

1982, 23 (12), 1275-

1278 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/24 

Ikeda, M. 

Takatsuto, 

S. 

Sassa, T. 

Ikekawa, 

N. 

Nukina, M. 

1983 IDENTIFICATION OF 

BRASSINOLIDE 

AND ITS 

ANALOGUES IN 

CHESTNUT GALL 

TISSUE 

Report No.: na (092-

024) 

Agricultural and 

Biological Chemistry, 

1983, 47 (3), 655-657 

N N  public N.A. 
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Not GLP, published 

KCA 

3.7/25 

Ikekawa, 

N. 

Takatsuto, 

S. 

1984 MICROANALYSIS 

OF 

BRASSIOSTEROIDS 

IN PLANTS BY GAS 

CHROMATOGRAPH

Y/MASS 

SPECTROMETRY 

Report No.: na (092-

025) 

Mass Spectroscopy, 

1984, 32 (1), 55-70 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/26 

Arima, M. 

Yokota, T. 

Takahashi, 

N. 

1984 IDENTIFICATION 

AND 

QUANTIFICATION 

OF BRASSINOLIDE-

RELATED STEROIDS 

IN THE INSECT 

GALL AND 

HEALTHY TISSUES 

OF THE CHESTNUT 

PLANT 

Report No.: na (092-

008) 

Phytochemistry, 1984, 

23 (8), 1587-1591 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/27 

Takatsuto, 

S. 

Omote, K. 

Gamoh, K. 

Ishibashi, 

M. 

1990 IDENTIFICATION OF 

BRASSINOLIDE 

AND 

CASTASTERONE IN 

BUCKWHEAT 

(FAGOPYRUM 

ESCULENTUM 

MOENCH) POLLEN 

Report No.: na (092-

060) 

Agricultural and 

Biological Chemistry, 

1990, 54 (3), 757-762 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/28 

Sondhi, N. 

Bhardwaj, 

R. 

Kaur, S. 

Chandel, 

M. 

Kumar, N. 

Singh, B. 

2010 INHIBITION OF 

H2O2-INDUCED 

DNA DAMAGE IN 

SINGLE CELL GEL 

ELECTROPHORESIS 

ASSAY (COMET 

ASSAY) BY 

CASTASTERONE 

ISOLATED FROM 

LEAVES OF 

CENTELLA 

ASIATICA 

Report No.: na (092-

155) 

Health, 2010, 2 (6), 

595-602; 

doi:10.4236/health.201

N N  public N.A. 
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0.26088 

Not GLP, published 

KCA 

3.7/29 

Swaczyno

va, J. 

Novak, O. 

Hauserova, 

E. 

Fuksova, 

K. 

Sisa, M. 

Kohout, L. 

Strnad, M. 

2007 NEW TECHNIQUES 

FOR THE 

ESTIMATION OF 

NATURALLY 

OCCURRING 

BRASSINOSTEROID

S 

Report No.: na (092-

057) 

Journal of Plant 

Growth Regulation, 

2007, 26, 1-14; DOI: 

10.1007/s00344-006-

0045-2 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/30 

Fujioka, S. 

Choi, Y.-

H. 

Takatsuto, 

S. 

Yokota, T. 

Li, J. 

Chory, J. 

Sakurai, A. 

1996 IDENTIFICATION OF 

CASTASTERONE, 6-

DEOXOCASTASTER

ONE, 

TYPHASTEROL AND 

6-

DEOXOTYPHASTER

OL FROM THE 

SHOOTS OF 

ARABIDOPSIS 

THALIANA 

Report No.: na (092-

018) 

Plant & Cell 

Physiology, 1996, 37 

(8), 1201-1203 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/31 

Fujioka, S. 

Li, J. 

Choi, Y.-

H. 

Seto, H. 

Takatsuto, 

S. 

Noguchi, 

T. 

Watanabe, 

T. 

Kuriyama, 

H. 

Yokota, T. 

Chory, J. 

Sakurai, A. 

1997 THE ARABIDOPSIS 

DEETIOLATED2 

MUTATNT IS 

BLOCKED EARLY IN 

BRASSINOSTEROID 

BIOSYNTHESIS 

Report No.: na (092-

019) 

The Plant Cell, 1997, 9, 

1951-1962 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/32 

Nomura, 

T. 

Sato, T. 

Bishop, 

G.J. 

Kamiya, 

Y. 

Takatsuto, 

S. 

2001 ACCUMULATION 

OF 6-

DEOXOCATHASTER

ONE AND 6-

DEOXOCASTASTER

ONE IN 

ARABIDOPSIS, PEA 

AND TOMATO IS 

SUGGESTIVE OF 

N N  public N.A. 
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Yokota, T. COMMON RATE-

LIMITING STEPS IN 

BRASSINOSTEROID 

BIOSYNTHESIS 

Report No.: na (092-

040) 

Phytochemistry, 2001, 

57, 171-178 

Not GLP, published 

KCA 

3.7/33 

Bancos, S. 

Nomura, 

T. 

Sato, T. 

Molnar, G. 

Bishop, 

G.J. 

Koncz, C. 

Yokota, T. 

Nagy, F. 

Szekeres, 

M. 

2002 REGULATION OF 

TRANSCRIPT 

LEVELS OF THE 

ARABIDOPSIS 

CYTOCHROME P450 

GENES INVOLVED 

IN 

BRASSINOSTEROID 

BIOSYNTHESIS 

Report No.: na (092-

161) 

Plant Physiology, 2002, 

130, 504-513; DOI: 

10.1104/pp.005439 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/34 

Schmidt, J. 

Altmann, 

T. 

Adam, G. 

1997 BRASSINOSTEROID

S FROM SEEDS OF 

ARABIDOPSIS 

THALIANA 

Report No.: na (092-

048) 

Phytochemistry, 1997, 

45 (7), 1325-1327 

Not GLP, published 

 

N N  public N.A. 

KCA 

3.7/35 

Choe, S. 

Fujioka, S. 

Noguchi, 

T. 

Takatsuto, 

S. 

Yoshida, 

S. 

Feldmann, 

K.A. 

2001 OVEREXPRESSION 

OF DWARF4 IN THE 

BRASSINOSTEROID 

BIOSYNTHETIC 

PATHWAY RESULTS 

IN INCREASED 

VEGETATIVE 

GROWTH AND SEE 

YIELD IN 

ARABIDOPSIS 

Report No.: na (092-

015) 

The Plant Journal, 

2001, 26 (6), 573-582 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/36 

Fujioka, S. 

Takatsuto, 

S. 

Yoshida, 

S. 

2002 AN EARLY C-22 

OXIDATION 

BRANCH IN THE 

BRASSINOSTEROID 

BIOSYNTHETIC 

PATHWAY 

Report No.: na (092-

020) 

Plant Physiology, 2002, 

130 (2), 930-939; 

N N  public N.A. 
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doi/10.1104/pp.008722 

Not GLP, published 

 

KCA 

3.7/37 

Shimada, 

Y. 

Goda, H. 

Nakamura, 

A. 

Takatsuto, 

S. 

Fujioka, S. 

Yoshida, 

S. 

2003 ORGAN-SPECIFIC 

EXPRESSION OF 

BRASSINOSTEROID-

BIOSYNTHETIC 

GENES AND 

DISTRIBUTION OF 

ENDOGENOUS 

BRASSINOSTEROID

S IN ARABIDOPSIS 

Report No.: na (092-

162) 

Plant Physiology, 2003, 

131, 287-297; DOI: 

10.1104/pp.013029 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/38 

Abe, H. 

Morishita, 

T. 

Uchiyama, 

M. 

Marumo, 

S. 

Munakata, 

K. 

Takatsuto, 

S. 

Ikekawa, 

N. 

1982 IDENTIFICATION OF 

BRASSINOLIDE-

LIKE SUBSTANCES 

IN CHINESE 

CABBAGE 

Report No.: na (092-

002) 

Agricultural and 

Biological Chemistry, 

1982, 46 (10), 2609-

2611 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/39 

Ikekawa, 

N. 

Takatsuto, 

S. 

1984 MICROANALYSIS 

OF 

BRASSIOSTEROIDS 

IN PLANTS BY GAS 

CHROMATOGRAPH

Y/MASS 

SPECTROMETRY 

Report No.: na (092-

025) 

Mass Spectroscopy, 

1984, 32 (1), 55-70 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/40 

Kanwar, 

M.K. 

Bhardwaj, 

R. 

Chowdhar

y, S.P. 

Arora, P. 

Sharma, P. 

Kumar, S. 

2013 ISOLATION AND 

CHARACTERIZATIO

N OF 24-

EPIBRASSINOLIDE 

FROM BRASSICA 

JUNCEA L. AND ITS 

EFFECTS ON 

GROWTH, NI ION 

UPTAKE, 

ANTIOXIDANT 

DEFENSE OF 

BRASSICA PLANTS 

AND IN VITRO 

CYTOTOXICTY 

Report No.: na (092-

118) 

N N  public N.A. 
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Acta Physiologiae 

Plantarum, 2013, 35, 

1351-1362; DOI 

10.1007/s11738-012-

1175-8 

Not GLP, published 

 

KCA 

3.7/41 

Grove, 

M.D. 

Spencer, 

G.F. 

Rohwedde

r, W.K. 

Mandava, 

N. 

Worley, 

J.F. 

Warthen, 

J.D. 

Steffens, 

G.L. 

Flippen-

Anderson, 

J.L. 

Cook, J.C. 

1979 BRASSINOLIDE, A 

PLANT GROWTH-

PROMOTING 

STEROID ISOLATED 

FROM BRASSICA 

NAPUS POLLEN 

Report No.: na (092-

022) 

Nature, 1979, 281, 216-

217 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/42 

Pan, J. 

Hu, Y. 

Liang, T. 

Li, G. 

2012 PREPARATION OF 

SOLID-PHASE 

MICROEXTRACTIO

N FIBERS BY IN-

MOLD COATING 

STRATEGY FOR 

DERIVATIZATION 

ANALYSIS OF 24-

EPIBRASSINOLIDE 

IN POLLEN 

SAMPLES 

Report No.: na (092-

041) 

Journal oh 

Chromatography A, 

2012, 1262, 49-55; doi: 

10.1016/j.chroma.2012.

09.008 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/43 

Baba, J. 

Yokota, T. 

Takahashi, 

N. 

1983 BRASSINOLIDE-

RELATED NEW 

BIOACTIVE 

STEROIDS FROM 

DOLICHOS LABLAB 

SEED 

Report No.: na (092-

011) 

Agricultural and 

Biological Chemistry, 

1983, 47 (3), 659-661 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/44 

Yokota, T. 

Baba, J. 

Takahashi, 

1983 BRASSINOLIDE-

RELATED 

BIOACTIVE 

N N  public N.A. 
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N. STEROLS IN 

DOLICHOS LABLAB: 

BRASSINOLIDE, 

CASTASTERONE 

AND A NEW 

ANALOG 

HOMODOLICHOLID

E 

Report No.: na (092-

073) 

Agricultural and 

Biological Chemistry, 

1983, 47 (6), 1409-

1411 

Not GLP, published 

KCA 

3.7/45 

Yokota, T. 

Baba, J. 

Koba, S. 

Takahashi, 

N. 

1984 PURIFICATION AND 

SEPARATION OF 

EIGHT STEROIDAL 

PLANT-GROWTH 

REGULATORS 

FROM DOLICHOS 

LABLAB SEED 

Report No.: na (092-

075) 

Agricultural and 

Biological Chemistry, 

1984, 48 (10), 2529-

2534 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/46 

Abe, H. 

Takatsuto, 

S. 

Okuda, R. 

Yokota, T. 

1995 IDENTIFICATION OF 

CASTASTERONE, 6-

DEOXOCASTASTER

ONE, AND 

TYPHASTEROL IN 

THE POLLEN OF 

ROBINIA PSEUDO-

ACACIA L. 

Report No.: na (092-

007) 

Bioscience, 

Biotechnology and 

Biochemistry, 1995, 59 

(2), 309-310 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/47 

Park, K.-

H. 

Yokota, T. 

Sakurai, A. 

Takahashi, 

N. 

1987 OCCURRENCE OF 

CASTASTERONE, 

BRASSINOLIDE 

AND METHYL 4-

CHLOROINDOLE-3-

ACETATE IN 

IMMATURE VICIA 

FABA SEEDS 

Report No.: na (092-

044) 

Agricultural and 

Biological Chemistry, 

1987, 51 (11), 3081-

3086 

Not GLP, published 

N N  public N.A. 
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KCA 

3.7/48 

Ikekawa, 

N. 

Nishiyama, 

F. 

Fujimoto, 

Y. 

1988 IDENTIFICATION OF 

24-

EPIBRASSINOLIDE 

IN BEE POLLEN OF 

THE BROAD BEAN, 

VICIA FABA L. 

Report No.: na (092-

027) 

Chemical and 

Pharmaceutical 

Bulletin, 1988, 36 (1), 

405-407 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/49 

Yokota, T. 

Morita, M. 

Takahashi, 

N. 

1983 6-

DEOXOCASTASTER

ONE AND 6-

DEOXODOLICHOST

ERONE: PUTATIVE 

PRECURSORS FOR 

BRASSINOLIDE-

RELATED STEROIDS 

FROM PHASEOLUS 

VULGARIS 

Report No.: na (092-

074) 

Agricultural and 

Biological Chemistry, 

1983, 47 (9), 2149-

2151 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/50 

Yokota, T. 

Koba, S. 

Kim, S.K. 

Takatsuto, 

S. 

Ikekawa, 

N. 

Sakakibara

, M. 

Okada, K. 

Mori, K. 

Takahashi, 

N. 

1987 DIVERSE 

STRUCTURAL 

VARIATIONS OF 

THE 

BRASSINOSTEROID

S IN PHASEOLUS 

VULGARIS SEED 

Report No.: na (092-

076) 

Agricultural and 

Biological Chemistry, 

1987, 51 (6), 1625-

1631 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/51 

Kim, S.-K. 

Yokota, T. 

Takahashi, 

N. 

1987 25-

METHYLDOLICHOS

TERONE, A NEW 

BRASSINOSTEROID 

WITH A TERTIARY 

BUTYL GROUP 

FROM IMMATURE 

SEED OF 

PHASEOLUS 

VULGARIS 

Report No.: na (092-

032) 

Agricultural and 

Biological Chemistry, 

1987, 51 (8), 2303-

N N  public N.A. 



24-Epibrassinolide Volume 3 – B.3 (AS)   

  

31 

2305 

Not GLP, published 

KCA 

3.7/52 

Kim, T.-

W. 

Park, S.-H. 

Han, K.-S. 

Choo, J. 

Lee, J.S. 

Hwang, S. 

Kim, S.-K. 

2000 OCCURRENCE OF 

TEASTERONE AND 

TYPHASTEROL, 

AND THEIR 

ENZYMATIC 

CONVERSION IN 

PHASEOLUS 

VULGARIS 

Report No.: na (092-

035) 

Bulletin-Korean 

Chemical Society, 

2000, 21 (4), 373-374 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/53 

Kim, S.-K. 1991 NATURAL 

OCCURRENCES OF 

BRASSINOSTEROID

S 

Report No.: na (092-

033) 

ACS Symposium 

series, 1991, 474, 

Chapter 3, 26-35 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/54 

Park, S.C. 

Kim, T.-

W. 

Kim, S.-K. 

2000 IDENTIFICATION OF 

BRASSINOSTEROID

S WITH 24R-

METHYL IN 

IMMATURE SEEDS 

OF PHASEOLUS 

VULGARIS 

Report No.: na (092-

043) 

Bulletin-Korean 

Chemical Society, 

2000, 21 (12), 1274-

1276 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/55 

Nomura, 

T. 

Nakayama, 

M. 

Reid, J.B. 

Takeuchi, 

Y. 

Yokota, T. 

1997 BLOCKAGE OF 

BRASSINOSTEROID 

BIOSYNTHESIS AND 

SENSITIVITY 

CAUSES DWARFISM 

IN GARDEN PEA 

Report No.: na (092-

038) 

Plant Physiology, 1997, 

113, 31-37 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/56 

Nomura, 

T. 

Kitasaka, 

Y. 

Takatsuto, 

S. 

Reid, J.B. 

Fukami, 

1999 BRASSINOSTEROID/

STEROL SYNTHESIS 

AND PLANT 

GROWTH AS 

AFFECTED BY IKA 

AND IKB 

MUTATIONS OF PEA 

Report No.: na (092-

N N  public N.A. 
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M. 

Yokota, T. 

039) 

Plant Physiology, 1999, 

119, 1517-1527 

Not GLP, published 

KCA 

3.7/57 

Sondhi, N. 

Bhardwaj, 

R. 

Kaur, S. 

Kumar, N. 

Singh, B. 

2008 ISOLATION OF 24-

EPIBRASSINOLIDE 

FROM LEAVES OF 

AEGLE MARMELOS 

AND EVALUATION 

OF ITS 

ANTIGENOTOXITIY 

EMPLOYING 

ALLIUM CEPA 

CHROMOSOMAL 

ABERRATION 

ASSAY 

Report No.: na (092-

154) 

Plant Growth 

Regulation, 2008, 54, 

217-224; DOI: 

10.1007/s10725-007-

9242-7 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/58 

Motegi, C. 

Takatsuto, 

S. 

1994 IDENTIFICATION OF 

BRASSINOLIDE 

AND 

CASTASTERONE IN 

THE POLLEN OF 

ORANGE (CITRUS 

SINENSIS OSBECK) 

BY HIGH-

PERFORMANCE 

LIQUID 

CHROMATOGRAPH

Y 

Report No.: na (092-

037) 

Journal of 

Chromatography A, 

1994, 658, 27-30 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/59 

Abe, H. 

Morishita, 

T. 

Uchiyama, 

M. 

Takatsuto, 

S. 

Ikekawa, 

N. 

1984 A NEW 

BRASSINOLIDE-

RELATED STEROID 

IN THE LEAVES OF 

THEA SINENSIS 

Report No.: na (092-

003) 

Agricultural and 

Biological Chemistry, 

1984, 48 (8), 2171-

2172 

Not GLP, published 

N N  public N.A. 

KCA 

3.7/60 

Gupta, D. 
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