

  separations-11-00047




separations-11-00047







Separations 2024, 11(2), 47; doi:10.3390/separations11020047




Article



Risk Characterization of Botanical Extracts Containing Hydroxyanthracenes as Determined by a Validated Micronucleus In Vitro Assay



Gloria Melzi, Corrado L. Galli * and Marina Marinovich





Department of Pharmacological and Biomolecular Sciences (DiSFeB)—“Rodolfo Paoletti”, Università degli Studi di Milano, 20133 Milan, Italy









*



Correspondence: corrado.galli@unimi.it







Citation: Melzi, G.; Galli, C.L.; Marinovich, M. Risk Characterization of Botanical Extracts Containing Hydroxyanthracenes as Determined by a Validated Micronucleus In Vitro Assay. Separations 2024, 11, 47. https://doi.org/10.3390/separations11020047



Academic Editors: Olivera Politeo and Mejra Bektasevic



Received: 8 January 2024 / Revised: 31 January 2024 / Accepted: 4 February 2024 / Published: 6 February 2024



Abstract

:

Extracts of Rheum palmatum L., Rhamnus purshiana DC., Rhamnus frangula L., and Cassia senna L. are used in traditional medicine thanks to their beneficial properties. These species contain hydroxyanthracene derivatives, considered genotoxic and possibly related to colorectal cancer development. This research aimed to study, using a micronucleus assay in vitro, the genotoxic potential of Rheum palmatum L., Rhamnus purshiana DC., Rhamnus frangula L. (bark), and Cassia senna L. (leaves and fruits) extracts. The extracts were evaluated at different concentrations: from 0 to 2000 µg/mL for Rhamnus purshiana DC, from 0 to 2500 µg/mL for Rheum palmatum L. and Rhamnus frangula L., and from 0 to 5000 µg/mL for Cassia senna L. The cytokinesis-block proliferation index was calculated to analyse if the used concentrations showed cytotoxicity. The hydroxyanthracene content varied between 0.06% and 0.23% for aloe-emodin, and between 0.07% and 0.16% for emodin and rhein. No cytotoxic effect was detected at any of these concentrations. Micronucleus analyses showed a lack of genotoxicity for all the extracts tested. These results show that Rheum palmatum L., Rhamnus purshiana DC, Rhamnus frangula L., and Cassia senna L. extracts do not induce genotoxicity since no increase in micronuclei formation in human lymphocytes in vitro was detected.
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1. Introduction


In recent years, numerous studies have focused on the safety and toxicity of many botanical products that have been used as medicines and food supplements for many years. Botanical species and extracts are used as active pharmaceutical ingredients in traditional Chinese medicine, and their use is spreading all over the world [1].



Plant extracts are complex mixtures with biological properties. Among the components of several extracts, there are hydroxyanthracenes and their derivatives. The safety of hydroxyanthracenes was evaluated by the Panel of the EFSA, Food Additives, and Nutrient Sources added to Food (EFSA-ANS Panel) in 2018, which concluded that “hydroxyanthracene derivatives should be regarded as genotoxic and carcinogenic unless there are specific data to the contrary, […] and that there is a safety concern for extracts containing hydroxyanthracene derivatives although uncertainty persists” [2]. Many botanical preparations containing hydroxyanthracenes are under community scrutiny for new evaluations; such extracts include the ones obtained from the root or rhizome of Rheum palmatum L. and Rheum officinale Baillon, from the leaves and fruits of Cassia senna L., and from the bark of Rhamnus frangula L. and Rhamnus purshiana DC. [3].



According to the World Health Organization (WHO), the use of these types of products containing anthraquinones and hydroxyanthracenes should be limited to an average dose of 0.5–1.5 g of dried plant material or in decoction, a safe individual dose being 10–30 mg of hydroxyanthraquinones per day [4]. Moreover, they should not be used for more than 1–2 weeks due to their laxative properties that could potentially induce electrolyte imbalances. The European Medicines Agency (EMA) has stated that 30 mg/day should be the maximum dosage of hydroxyanthracene contents in medicinal products to be used as a laxative for adults, elderly, and adolescents over 12 years [5].



In traditional medicine, R. palmatum L. (Chinese rhubarb) is used to treat constipation, gastrointestinal haemorrhage, and ulcers [6,7]. Small doses of rhubarb extract show good digestive properties, while at higher doses it acts as a laxative. It is also used for its antibacterial, antioxidant, and anti-inflammatory effects [8,9]. C. senna L. is added in several herbal teas and used for purging and in weight loss [10]. R. frangula L. and R. purshiana L. are also used as purgatives. Hydroxyanthracene derivatives are present in these extracts as emodin, aloe-emodin, chrysophanol, physcion, and rhein [11].



We have recently demonstrated the lack of genotoxic effects in colon and kidney cells after in vivo treatment with Aloe ferox extract, containing hydroxyanthracene derivatives, and pure aloe-emodin in a comet assay [12,13]. Moreover, we have proved the absence of a genotoxic effect of a Rheum palmatum L. rhizome extract in Salmonella typhimurium, TA1535, TA1537, TA98, TA100, and Escherichia coli (WP2 uvrA) strains with the Ames test; the same extract was tested for micronuclei formation in isolated human lymphocytes showing negative results [14].



In this research, we investigated the genotoxic potential of five different extracts (R. palmatum L., R. purshiana DC, R. frangula L., and C. senna L. from fruits and leaves).




2. Materials and Methods


2.1. Extract Preparation


Extracts from R. palmatum L. (PAL), R. purshiana DC (PUR), and R. frangula L. (FRA), C. senna L. (leaves and fruits, CSL and CSF) were prepared and characterized analytically according to good agricultural and collection practices (GACP) and good manufacturing practices (GMP). Extract preparation is described in detail in the Supplementary Materials.



The PAL, PUR, and FRA extracts were kept at room temperature and prepared for the experiment immediately before use, dissolved in dimethylsulphoxide (DMSO, AppliChem, Darmstadt, Germany). One of the extracts of C. senna L. (from fruits; CSF) was kept at room temperature and prepared for the experiment immediately before use, dissolved in water, while the other (from leaves; CSL) was prepared in a complete culture medium.




2.2. Extract Characterization


Samples were characterized according to the specific analytical methods described in the pharmacopeia. In addition, aloin (A and B), aloe-emodin, rhein, and emodin were identified and quantified using an HPLC-UV method. More information on the extracts is available in the Supplementary Materials. The analytical methods, including the HPLC-UV analyses, were performed according to the relevant monographs for the four extracts reported in the current European Pharmacopoeia.




2.3. Peripheral Blood Lymphocyte Cultures


Blood samples were collected from healthy, young (under 35 years old), male, non-smoker donors, with no known illnesses or recent exposure to genotoxic agents, upon informed consent. Establishment of the blood cultures was done within 30 h from blood collection, preparing a 13% mixture of whole blood in a medium. The culture medium was Dulbecco’s Modified Eagles medium/Ham’s F12 (mixture 1:1) with 200 mM GlutaMAX™. The medium was completed with penicillin/streptomycin (100 U/mL/100 µg/mL), mitogen phytohaemagglutinin (PHA, 3 µg/mL as solvent lyophilizate), 10% foetal bovine serum (FBS), 10 mM HEPES, and the anticoagulant heparin (125 U.S.P.-U/mL). Cells were incubated at 37 °C with 5.5% CO2 in humidified air. For the analysis, only human lymphocytes were considered.




2.4. Mammalian Microsomal Fraction S9 Mix


The limited metabolic activation in in vitro systems is usually a major issue for the evaluation of genotoxic potential. For this reason, an exogenous metabolic activation was performed with the S9 mix obtained from rat liver. The S9 mix was prepared by ICCR-Roßdorf GmbH and stored following the currently valid version of the ICCR-Roßdorf standard operating procedure for rat liver S9 preparation.



The S9 supernatant was thawed and mixed with a cofactor solution and used at the final protein concentration of 0.75 mg/mL in the cultures. The S9 mix contains MgCl2 (8 mM), KCl (33 mM), glucose-6-phosphate (5 mM), and NADP (4 mM) in a sodium ortho-phosphate buffer (100 mM, pH 7.4).




2.5. Concentration Selection, Treatments, and Micronucleus Assay Preparation


First, the concentrations for the in vitro micronucleus test were selected according to the Organisation for Economic Co-operation and Development (OECD) guidelines. Different concentrations were chosen for each extract, taking into consideration the solubility properties of each of them. The concentrations analysed for the cytotoxicity evaluation ranged from 16.2 to 2500 µg/mL for PAL and FRA, from 13.0 to 2000 µg/mL for PUR, from 32.5 to 5000 µg/mL for CSF, and from 18.9 to 5000 µg/mL for CSL. No precipitation at the end of the treatment was observed either in the absence or the presence of the S9 mix for CSF, while it was observed starting at 466 µg/mL for PAL, at 816 µg/mL for FRA, at 1143 µg/mL for PUR, and at 544 µg/mL and above in the absence of the S9 mix and at 952 µg/mL and above in the presence of the S9 mix for CSL. The selected concentrations (expressed in w/v) for the treatment are reported in Table 1.



Human lymphocytes proliferation was stimulated by adding the mitogen PHA to the culture medium for 48 h. To check the possible mutagenic effect of the extracts, two different treatments were performed. Forty-eight hours after seeding, 10 mL of the blood cultures was set up in parallel in 25 cm2 flasks for each extract concentration. For the treatment, the medium used was serum-free. For a set of samples, metabolic activation was promoted by the addition of the S9 mix (50 µL/mL culture medium). After 3 h, the cells were centrifuged for 5 min. The supernatant was removed, and the cells were resuspended and washed two times with saline G (pH 7.2, containing 8000 mg/L NaCl, 400 mg/L KCl, 1100 mg/L glucose × H2O, 192 mg/L Na2HPO4 × 2 H2O and 150 mg/L KH2PO4). The cells were resuspended in a culture medium with 10% FBS (v/v) in the presence of cytochalasin B (4–6 µg/mL) and cultured for 25 h [15].



Another set of cells were treated with the extracts and in the presence of cytochalasin B (4–6 µg/mL), and these cells were treated for 28 h [16].



For both treatments, the cultures were harvested by centrifugation 28 h after the beginning of each treatment. The cells were washed in saline G, resuspended in 5 mL KCl solution (0.0375 M), and incubated at 37 °C for 20 min. The cells were fixed with a 1 mL ice-cold mixture of methanol and glacial acetic acid (19 parts plus 1 part, respectively) and kept cold. The slides were prepared by dropping the cell suspension into fresh fixative. The cells were stained with Giemsa, mounted after drying, and covered with a coverslip.




2.6. Slide Evaluation and Cytotoxicity Analysis


The slides were evaluated with a 40× magnification. The micronuclei (MN) were counted in cells showing a clearly visible area of cytoplasm. MN were evaluated according to previously published criteria [17]. One thousand binucleated cells per culture were scored for cytogenetic damage on coded slides. The results are reported as % micronucleated cells. The cytotoxic effect was reported using the cytokinesis-block proliferation index (CBPI) (Formula (1) below) and cytotoxicity was expressed as % cytostasis (Formula (2)). A CBPI equal to 1 (all cells are mononucleated) means 100% cytostasis.


  C B P I =   m o n o n u c l e a t e d   c e l l s + 2 × b i n u c l e a t e d   c e l l s + 3 × m u l t i n u c l e a t e d   c e l l s   t o t a l   n u m b e r   o f   c e l l s   c o u n t e d    



(1)






  %   c y t o s t a s i s = 100 − 100     C B P I   e x t r a c t − 1   C B P I   c o n t r o l − 1      



(2)







The cytotoxicity of a product is characterized by the percentages of reduction in the CBPI in comparison to the controls (% cytostasis) by counting 500 cells per culture. The data related to cytostasis and CBPI for the concentrations not evaluated for MN formation are reported in the Supplementary Material.




2.7. Statistical Analysis


Statistical significance was confirmed by a chi-squared test (p < 0.05), using a validated test script in R. The statistical analysis was conducted to detect significant differences in MN presence in treated samples compared to the concurrent solvent control. A linear regression was performed using R. A trend is considered significant whenever the p-value is below 0.05.





3. Results


3.1. Characterization


The samples were characterized according to the specific analytical methods described in the pharmacopeia. Table 2a,b report the percentage of hydroxyanthracene derivatives in the different botanical extracts tested in this study, identified by means of a high-performance liquid chromatograph-ultraviolet (HPLC-UV) detector.




3.2. Cytokinesis-Block Proliferation Index and Cytostasis


The CBPI and cytostasis were calculated for each of the treatments to obtain data on the cytotoxicity of the extracts. The results are presented in Table 3, Table 4, Table 5, Table 6 and Table 7. The treatment with PAL (Table 3) in the absence of the S9 mix at the highest concentrations, starting from 466 µg/mL, induced moderate cytotoxicity, while in the presence of the S9 mix, no cytotoxicity was detected. Following the long treatment, cytotoxicity was highlighted at the highest concentrations (from 833 µg/mL). For the treatment with PUR (Table 4), no cytotoxicity was observed at any concentration, while following the long treatment, the highest concentrations that showed precipitation at the end of the treatment (1333 and 2000 µg/mL) resulted in moderate cytotoxicity. For the treatment with FRA (Table 5), no cytotoxicity was observed at any concentration in the absence of the S9 mix, while in the presence of S9, the highest concentrations (starting from 816 µg/mL) induced moderate cytotoxicity. The treatment with CSF (Table 6) and CSL (Table 7) did not show cytotoxicity at any of the evaluated concentrations. All experimental plant specimens’ pictures are shown in Figure 1, Figure 2, Figure 3, Figure 4 and Figure 5.




3.3. Micronuclei


The results of the MN assay are reported in Table 3, Table 4, Table 5, Table 6 and Table 7. Statistically significant increases in the percentage of micronucleated cells were observed following treatments with the positive controls cyclophosphamide, mitomycin C, and vinblastine, indicating correct functioning of the assay. The treatment with the different extracts did not induce a statistically significant increase in the percentage of micronucleated cells compared to the control value at the tested concentrations, with the only exception being the highest concentration evaluated for PAL (466 µg/mL in the presence of the S9 mix, which is 1.10%). Nevertheless, the induction of MN at this concentration was found to be within the range of historical controls for the laboratory (0.15–1.15% micronucleated cells). Moreover, no concentration-related increase was detected. Thus, no statistically significant increase or dose relationship was seen for these treatments. These extracts were not able to induce MN formation in human lymphocytes after in vitro treatment.





4. Discussion


Hydroxyanthracene derivatives are a class of naturally occurring chemicals, generally used in food or dietary supplements to improve intestinal function through their laxative effect. A high number of plants contains hydroxyanthracene derivatives, which also belonging to various botanical families and genera.



Many extracts from plants, such as Rheum palmatum L., Rhamnus purshiana DC, Rhamnus frangula L., and Cassia senna L. leaves or fruits, contain hydroxyanthracene derivatives (aloins, emodin, aloe-emodin, rhein, etc.) in quite comparable concentrations. Some of them, such as emodin and aloe-emodin, are also naturally present in other plant species of very common use, such as lettuce, beans, and peas, as well as in coffee and tea, even if contained in traces [18].



The safety of products containing these natural botanical components has been addressed by different health authorities (WHO, EMA), which reached consistent conclusions [4,5] regarding the negative genotoxic potential when aloe or selected hydroxyanthracene derivatives (emodin and aloe-emodin) were administered to mice or rats [19,20,21]. However, these authorities also report that a causal relationship between anthranoid laxative abuse and colorectal cancer was not found [22,23,24,25]. The EMA monograph states that 30 mg/day of hydroxyanthracene derivatives should be the maximum dosage in medicinal products used with laxative properties in adults, the elderly, and adolescents over 12 years, and the WHO recommends the use of these products for no longer than 1–2 weeks due to a possible risk of electrolyte imbalances.



The European Commission, in March 2021, decided to ban aloe-emodin, emodin, and all extracts in which these substances are present, as well as extracts from the leaf of Aloe species containing hydroxyanthracene derivatives, leaving the safety assessment of other botanical preparations, such as Rheum palmatum L., Rhamnus purshiana DC, Rhamnus frangula L., Cassia senna L. leaves or fruits, pending for up to two years, even though they contain concentrations of hydroxyanthracene derivatives comparable to those of banned aloe preparations [3].



According to expert judgement, the alleged genotoxic and carcinogenicity potential of hydroxyanthracene derivatives seems more related to an epigenetic mechanism than to direct genotoxic activity. This seems to be confirmed by the experiment in which Aloe arborescens Miller, used as a food additive, exerted equivocal carcinogenic potential at a 4% high-dose level in the 2-year carcinogenicity study but not in the 0.8% and control groups. In females, the same results were demonstrated. The authors concluded that aloe is not carcinogenic at nontoxic-dose levels, and that the appearance of tumours in the colon at the 4% high-dose level was likely due to irritation of the intestinal tract by chronic diarrhoea [26].



An interesting scientific/regulatory debate regarding the toxicity of mixtures is currently underway. The opinion of the authors of this work is that while it is best to chemically characterize the components of a mixture, the safety assessment should be performed on the whole mixture, which will then be diluted and used in commercial products. It seems reasonable to assert that when the main components of the extracts are toxicologically evaluated individually, at very high doses, very far from the concentrations actually present in the mixture used by consumers, the results are not reliable for evaluating the hazard of the mixture. In designing toxicity tests and considering the nature of the material to be tested, it should be recognized that there may be significant differences in the pharmacological/toxic potency between a whole botanical extract and the equivalent amount of an isolated active principle [27,28,29,30,31].



Considering individual hydroxyanthracenes, it is worthy of note that in humans, aloe-emodin is rapidly converted and totally oxidized to rhein by gut microbiota [20,32,33,34]. Rhein is recognized to be devoid of any genotoxic activity [35] and considered to have certain anti-tumour effects [36].



Aloe-emodin and emodin, ubiquitous components of botanical extracts, were found to be genotoxic when tested in vitro [37,38,39,40], interacting with DNA topoisomerase II, but gave negative [13,36,38] or allegedly positive [40] results when tested in vivo. The information available on extracts seems to confirm a lack of genotoxicity when tested both in vitro and in vivo [12,14,41,42].



Recently, two original papers [12,13] have reported that, following oral gavage, neither aloe-emodin (purity 97.12%), dosed at 0, 250, 500, 1000, and 2000 mg/kg/day, nor dried Aloe ferox juice, dosed at 0, 500, 1000, and 2000 mg/kg/day, containing a well characterized concentration of hydroxyanthracene derivatives, induced DNA damage in preparations of single cells from the colon in in vivo-modified comet genotoxicity studies (OECD 489).



In the present study, extracts from Rheum palmatum L., Rhamnus purshiana DC, Rhamnus frangula L., and Cassia senna L. were evaluated in an in vitro micronucleus assay (OECD 487) and were found to be not genotoxic. Equally negative results were also obtained using the same botanical preparations in the Ames test [41].



Considering these results, single components as hydroxyanthracene derivatives in botanical extracts have to be considered as not having genotoxic potential. The results of the study we proposed showed that these extracts are not genotoxic when tested in vivo, and that the same botanical preparations, quite well characterized qualitatively and quantitatively regarding the hydroxyanthracene derivatives, yielded negative results in both in vitro and in vivo mutagenicity tests. It can be concluded that they can be considered safe as far as their genotoxicity potential goes. The weight of evidence of all the overall scientific lines of evidence reported so far leads to the conclusion that the hydroxyanthracenes examined (emodin, aloe-emodin, and rhein) are not hazardous. The same conclusion can be applied to the multiple extracts tested both in vivo and in vitro using internationally recognized standard protocols (OECD 471, 487, 489).




5. Conclusions


On the basis of these results, a risk characterization can be undertaken. The content of hydroxyanthracene derivatives in the botanical preparations tested in this study varied between 0.06% and 0.23% for aloe-emodin, and between 0.07% and 0.16% for emodin and rhein (Table 2).



Since the risk characterization is based on hazard and exposure, it is interesting to quantify the possible exposure to the botanical extracts based on the content of hydroxyanthracene derivatives in some food supplements. The quantities of hydroxyanthracene derivatives declared by the manufacturers of the botanical preparations provided by the Società Italiana di Scienze Applicate alle Piante Officinali e ai Prodotti per la Salute (SISTE) are in the range of 100–780 mg/day for Cassia senna L. fruits, 100–800 mg/day for Cassia senna L. leaves, 50–780 mg/day for Rheum palmatum L., 50–200 mg/day for Rhamnus purshiana DC., and 50–200 mg/day for Rhamnus frangula L. (dry extract).



As an indication, an attempted safety evaluation was made by estimating the dose of aloe-emodin to which a consumer of food supplements would be exposed by consuming products containing the tested Cassia senna and Rhamnus frangula. The dose of ingested aloe-emodin would be 0.00228 and 0.00657 mg/kg bw, in the worst case, for Cassia senna (800 mg) and Rhamnus frangula (200 mg) in a 70 kg individual. Such doses are tens of thousands of times lower than the doses that did not produce any genotoxic effects in in vivo tests.



The risk characterization exercise carried out shows that the toxicological data on the hazard identification of different botanical extracts, which are very well characterized for their anthracene derivatives content, combined with worst-case data for a realistic exposure, indicate that the risk deriving from the use of the test extracts can be considered negligible.
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Figure 1. Plant of Rheum palmatum L. (PAL). The extract tested in the study was obtained from bark. 
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[image: Separations 11 00047 g001]







[image: Separations 11 00047 g002] 





Figure 2. Bark, fruits, and leaves of Rhamnus purshiana DC (PUR). The extract tested in the study was obtained from bark. 
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Figure 3. Plant and fruits of Rhamnus frangula L. (FRA). The extract tested in the study was obtained from bark. 
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Figure 4. Leaves and flowers of Cassia senna L. fruits (CSF). The extract tested in the study was obtained from fruits. 
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Figure 5. Leaves of Cassia senna L. leaves (CSL). 
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Table 1. Doses selected for the treatments with the extracts of Rheum palmatum L. (PAL), Rhamnus purshiana DC (PUR), Rhamnus frangula L. (FRA), Cassia senna L. from fruits (CSF) and leaves (CSL). The concentrations selected for the treatments are reported in bold and are expressed in w/v.
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Extract

	
Exposure

	
Concentrations in µg/mL






	
PAL

	

	

	

	

	

	

	

	

	

	

	




	
Without S9

	
3 h

28 h

	
16.2

--

	
28.4

75.0

	
49.7

131

	
87.0

230

	
152

402

	
267

482

	
466 P

579

	
816 P

649

	
1429 P

833

	
2500 P

1000 P




	
With S9

	
3 h

	
16.2

	
28.4

	
49.7

	
87.0

	
152

	
267

	
466 P

	
816 P

	
1429 P

	
2500 P




	
PUR

	

	

	

	

	

	

	

	

	

	

	




	
Without S9

	
3 h

28 h

	
13.0

--

	
22.7

--

	
39.8

63.2

	
69.9

111

	
122

193

	
213

339

	
373

593

	
653

889

	
1143 P

1333 P

	
2000 P

2000 P




	
With S9

	
3 h

	
13.0

	
22.7

	
39.8

	
69.6

	
122

	
213

	
373

	
653

	
1143 P

	
2000 P




	
FRA

	

	

	

	

	

	

	

	

	

	

	




	
Without S9

	
3 h

28 h

	
16.2

--

	
28.4

--

	
50.0

39.8

	
87.0

69.6

	
152

122

	
267

213

	
466

373

	
816 P

653

	
1429 P

1143 P

	
2500 P

2000 P




	
With S9

	
3 h

	
16.2

	
28.4

	
50.0

	
87.0

	
152

	
267

	
466

	
816 P

	
1429 P

	
2500 P




	
CSF

	

	

	

	

	

	

	

	

	

	

	




	
Without S9

	
3 h

28 h

	
32.5

--

	
56.8

--

	
99.5

--

	
174

--

	
305

305

	
533

533

	
933

933

	
1633

1633

	
2857

2857

	
5000

5000




	
With S9

	
3 h

	
32.5

	
56.8

	
99.5

	
174

	
305

	
533

	
933

	
1633

	
2857

	
5000




	
CSL

	

	

	

	

	

	

	

	

	

	

	




	
Without S9

	
3 h

28 h

	
18.9

--

	
33.2

--

	
58.0

99.5

	
102

174

	
178

305

	
311

533P

	
544 P

933 P

	
952 P

1633 P

	
1667 P

2857 P

	
5000 P

5000 P




	
With S9

	
3 h

	
18.9

	
33.2

	
58.0

	
102

	
178

	
311

	
544

	
952 P

	
1667 P

	
5000 P








P Presence of precipitation at the end of the treatment.













 





Table 2. (a) Composition of the extracts. All the data are expressed in percentages of the total weight of the extract. In addition, aloin (A and B), aloe-emodin, rhein, and emodin were identified and quantified using an HPLC-UV method. (b) Levels of aloin A and B, aloe emodin, rhein, and emodin in the tested extracts. All the data are expressed in percentages of the total weight of the extract.






Table 2. (a) Composition of the extracts. All the data are expressed in percentages of the total weight of the extract. In addition, aloin (A and B), aloe-emodin, rhein, and emodin were identified and quantified using an HPLC-UV method. (b) Levels of aloin A and B, aloe emodin, rhein, and emodin in the tested extracts. All the data are expressed in percentages of the total weight of the extract.





	
(a)




	

	
PAL

	
PUR

	
FRA

	
CSF

	
CSL




	
Loss on drying

	
2.30

	
4.00

	
3.20

	
4.50

	
3.70




	
Hydroxyanthracene Glycosides

	
5.50

	
19.50

	
n.a.

	
n.a.

	
n.a.




	
Cascarosides

	
n.a.

	
78.70

	
n.a.

	
n.a.

	
n.a.




	
Glucofrangulins

	
n.a.

	
n.a.

	
16.85

	
n.a.

	
n.a.




	
Sennoside B a

	
n.a.

	
n.a.

	
n.a.

	
19.14

	
n.a.




	
Sennoside B b

	
n.a.

	
n.a.

	
n..a.

	
n.a.

	
8.90




	
(b)




	

	
PAL

	
PUR

	
FRA

	
CSF

	
CSL




	
Aloin A

	
n.d.

	
0.57

	
n.d.

	
Traces

	
Traces




	
Aloin B

	
n.d.

	
0.49

	
n.d.

	
0.032

	
0.016




	
Aloe-emodin

	
0.10

	
0.06

	
0.23

	
Traces

	
0.02




	
Rhein

	
0.20

	
0.00

	
n.d.

	
0.075

	
0.09




	
Emodin

	
0.10

	
0.16

	
0.07

	
Traces

	
Traces








n.a. = not applicable; n.d. = not detected; a pharmacopeia HPLC method; b pharmacopeia photometric method. PAL: Rheum palmatum L.; PUR: Rhamnus purshiana DC; FRA: Rhamnus frangula L.; CSF: Cassia senna L. from fruits; CSL: Cassia senna L. from leaves.













 





Table 3. Evaluation of the cytokinesis-block proliferation index (CBPI), cytostasis, and micronuclei in human lymphocytes after short treatment in the absence or presence of the S9 fraction (3 h) or long treatment in the absence of S9 fraction (28 h) with the extract of Rheum palmatum L. (PAL).






Table 3. Evaluation of the cytokinesis-block proliferation index (CBPI), cytostasis, and micronuclei in human lymphocytes after short treatment in the absence or presence of the S9 fraction (3 h) or long treatment in the absence of S9 fraction (28 h) with the extract of Rheum palmatum L. (PAL).





	
Exposure Time

	
S9 Mix

	
Concentration (µg/mL)

	
CBPI

	
Cytostasis in %

	
Micronucleated Cells in %






	
3 h

	
−

	
DMSO a

	
1.68

	
-

	
0.95




	
MMC 0.6

	
1.47

	
30.4

	
7.45 *




	
87.0

	
1.53

	
21.2

	
0.55




	
152

	
1.51

	
24.7

	
0.45




	
267

	
1.49

	
27.9

	
0.50




	
Trend test: p-value 0.220




	
3 h

	
+

	
DMSO

	
1.65

	
-

	
0.68




	
CPA 15.0

	
1.49

	
25.6

	
3.15 *




	
152

	
1.62

	
4.7

	
0.63




	
267

	
1.65

	
n.c.

	
0.85




	
466 P

	
1.60

	
8.9

	
1.10 *




	
Trend test: p-value 0.557




	
28 h

	
−

	
DMSO

	
1.70

	
-

	
0.25




	
VIN 12.5 b

	
1.59

	
16.1

	
3.10 *




	
402

	
1.50

	
28.7

	
0.45




	
482

	
1.41

	
42.5

	
0.65




	
579

	
1.34

	
51.7

	
0.40




	
Trend test: p-value 0.336








a Concentration of 1.0% (v/v); b ng/mL; P precipitation at the end of the treatment; n.c.: not calculated, as the CBPI value is equal to or higher than the solvent control value; * statistically significant vs. solvent control (χ2 test p < 0.05). DMSO: dimethylsulfoxide; MMC: mitomycin C; CPA: cyclophosphamide; VIN: vinblastine.













 





Table 4. Evaluation of the cytokinesis-block proliferation index (CBPI), cytostasis, and micronuclei in human lymphocytes after short treatment in the absence or presence of the S9 fraction (3 h) or long treatment in the absence of the S9 fraction (28 h) with the extract of Rhamnus purshiana DC (PUR).






Table 4. Evaluation of the cytokinesis-block proliferation index (CBPI), cytostasis, and micronuclei in human lymphocytes after short treatment in the absence or presence of the S9 fraction (3 h) or long treatment in the absence of the S9 fraction (28 h) with the extract of Rhamnus purshiana DC (PUR).





	
Exposure Time

	
S9 Mix

	
Concentration (µg/mL)

	
CBPI

	
Cytostasis in %

	
Micronucleated Cells in %






	
3 h

	
−

	
DMSO a

	
1.65

	
-

	
0.40




	
MMC 0.8

	
1.42

	
35.5

	
3.95 *




	
373

	
1.58

	
12.1

	
0.45




	
653

	
1.60

	
7.8

	
0.40




	
1143 P

	
1.57

	
12.8

	
0.55




	
Trend test: p-value 0.201




	
3 h

	
+

	
DMSO

	
1.83

	
-

	
0.30




	
CPA 10.0

	
1.46

	
44.5

	
1.75 *




	
373

	
1.79

	
5.0

	
0.55




	
653

	
1.53

	
36.3

	
0.40




	
1143 P

	
1.80

	
3.8

	
0.15




	
Trend test: p-value 0.784




	
28 h

	
−

	
DMSO

	
1.64

	
-

	
0.40




	
VIN 12.5 b

	
1.33

	
48.5

	
4.25 *




	
402

	
1.52

	
18.4

	
0.25




	
482

	
1.49

	
23.7

	
0.55




	
579

	
1.39

	
38.5

	
0.40




	
Trend test: p-value 0.501








a Concentration of 1.0% (v/v); b ng/mL; P precipitation at the end of the treatment; n.c.: not calculated, as the CBPI value is equal to or higher than the solvent control value; * statistically significant vs. solvent control (χ2 test p < 0.05). DMSO: dimethylsulfoxide; MMC: mitomycin C; CPA: cyclophosphamide; VIN: vinblastine.













 





Table 5. Evaluation of the cytokinesis-block proliferation index (CBPI), cytostasis, and micronuclei in human lymphocytes after short treatment in the absence or presence of the S9 fraction (3 h) or long treatment in the absence of the S9 fraction (28 h) with the extract of Rhamnus frangula L. (FRA).
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Exposure Time

	
S9 Mix

	
Concentration (µg/mL)

	
CBPI

	
Cytostasis in %

	
Micronucleated Cells in %






	
3 h

	
−

	
DMSO a

	
1.78

	
-

	
0.65




	
MMC 0.8

	
1.58

	
25.0

	
6.00 *




	
267

	
1.97

	
n.c.

	
0.00




	
466

	
1.91

	
n.c.

	
0.45




	
816 P

	
1.86

	
n.c.

	
0.15




	
Trend test: p-value 0.496




	
3 h

	
+

	
DMSO

	
1.66

	
-

	
0.55




	
CPA 15.0

	
1.45

	
31.2

	
3.60 *




	
152

	
1.78

	
n.c.

	
0.50




	
267

	
1.45

	
32.4

	
0.90




	
466 P

	
1.37

	
44.2

	
0.85




	
Trend test: p-value 0.163




	
28 h

	
−

	
DMSO

	
1.50

	
-

	
0.50




	
VIN 12.5 b

	
1.20

	
60.5

	
6.00 *




	
402

	
1.49

	
2.2

	
0.20




	
482

	
1.58

	
n.c.

	
0.35




	
579

	
1.43

	
13.8

	
0.25




	
Trend test: p-value 0.393








a Concentration of 1.0% (v/v); b ng/mL; P precipitation at the end of the treatment; n.c.: not calculated, as the CBPI value is equal to or higher than the solvent control value; * statistically significant vs. solvent control (χ2 test p < 0.05). DMSO: dimethylsulfoxide; MMC: mitomycin C; CPA: cyclophosphamide; VIN: vinblastine.













 





Table 6. Evaluation of the cytokinesis-block proliferation index (CBPI), cytostasis, and micronuclei in human lymphocytes after short treatment in the absence or presence of the S9 fraction (3 h) or long treatment in the absence of the S9 fraction (28 h) with the extract of Cassia senna L. fruits (CSF).
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Exposure Time

	
S9 Mix

	
Concentration (µg/mL)

	
CBPI

	
Cytostasis in %

	
Micronucleated Cells in %






	
3 h

	
−

	
Deionized water

	
1.92

	
-

	
0.40




	
MMC 0.8

	
1.51

	
44.7

	
12.45 *




	
1633

	
1.95

	
n.c.

	
0.30




	
2857

	
1.97

	
n.c.

	
0.40




	
5000

	
1.94

	
n.c.

	
0.40




	
Trend test: p-value 0.417




	
3 h

	
+

	
Deionized water

	
1.87

	
-

	
0.65




	
CPA 15.0

	
1.46

	
46.7

	
3.40 *




	
1633

	
1.82

	
5.5

	
0.25




	
2857

	
1.84

	
3.0

	
0.15




	
5000

	
1.80

	
8.0

	
0.55




	
Trend test: p-value 0.680




	
28 h

	
−

	
Deionized water

	
2.04

	
-

	
0.40




	
VIN 7.5 a

	
1.85

	
18.3

	
8.45 *




	
1633

	
2.00

	
3.6

	
0.65




	
2857

	
1.92

	
11.2

	
0.50




	
5000

	
1.94

	
9.7

	
0.35




	
Trend test: p-value 0.861








a Concentration measured in ng/mL; n.c.: not calculated, as the CBPI value is equal to or higher than the solvent control value; * statistically significant vs. solvent control (χ2 test p < 0.05). DMSO: dimethylsulfoxide; MMC: mitomycin C; CPA: cyclophosphamide; VIN: vinblastine.













 





Table 7. Evaluation of the cytokinesis-block proliferation index (CBPI), cytostasis, and micronuclei in human lymphocytes after short treatment in the absence or presence of the S9 fraction (3 h) or long treatment in the absence of the S9 fraction (28 h) with the extract of Cassia senna L. leaves (CSL).






Table 7. Evaluation of the cytokinesis-block proliferation index (CBPI), cytostasis, and micronuclei in human lymphocytes after short treatment in the absence or presence of the S9 fraction (3 h) or long treatment in the absence of the S9 fraction (28 h) with the extract of Cassia senna L. leaves (CSL).





	
Exposure Time

	
S9 Mix

	
Concentration (µg/mL)

	
CBPI

	
Cytostasis in %

	
Micronucleated Cells in %






	
3 h

	
−

	
Medium

	
1.83

	
-

	
0.40




	
MMC 0.6

	
1.62

	
25.0

	
7.25 *




	
178

	
1.82

	
0.8

	
0.85




	
311

	
1.82

	
0.6

	
0.35




	
544 P

	
1.90

	
n.c.

	
0.30




	
Trend test: p-value 0.613




	
3 h

	
+

	
Medium

	
1.57

	
-

	
0.10




	
CPA 12.5

	
1.50

	
11.9

	
2.45 *




	
311

	
1.63

	
n.c.

	
0.15




	
544

	
1.60

	
n.c.

	
0.10




	
952 P

	
1.59

	
n.c.

	
0.15




	
Trend test: p-value 0.483




	
28 h

	
−

	
Medium

	
1.61

	
-

	
0.80




	
VIN 7.5 a

	
1.35

	
42.3

	
5.40 *




	
174

	
1.56

	
8.7

	
0.88




	
305

	
1.63

	
n.c.

	
1.05




	
533 P

	
1.65

	
n.c.

	
1.00




	
Trend test: p-value 0.181








a Concentration measured in ng/mL; P precipitation at the end of the treatment; n.c.: not calculated, as the CBPI value is equal to or higher than the solvent control value; * statistically significant vs. solvent control (χ2 test p < 0.05). DMSO: dimethylsulfoxide; MMC: mitomycin C; CPA: cyclophosphamide; VIN: vinblastine.
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