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Abstract 

 

Hederagenin saponins are largely represented in nature and possess many biological activities 

such as haemolytic, antiviral, fungicidal, molluscicidal or cytotoxic, partially due to their 

interaction with the cell membrane. The lysis of erythrocytes (haemolysis) is a simple test to 

evaluate this adsorption, and this activity has been linked to the structure of the aglycone and 

also depends on the sugar moiety of the saponin. To further complete our study of the 

structure-activity relationships of triterpenoid saponins, α-hederin and related hederagenin 

diglycosides were synthesized to better understand the influence of the second sugar (α-L-

rhamnose,β-D-xylose or β-D-glucose) and the substitution of this sugar on α-L-arabinose 

(position 2, 3 or 4).  Haemolysis and cytotoxic activity on KB cells were tested. These 

compounds probably interact with membrane cholesterol and produce destabilization of the 

membrane inducing haemolysis. Cytotoxicity could involve the same mechanism, although 

some saponins induce an apoptotic process. The nuclear structure of the KB cell was thus 

investigated by confocal microscopy. The cytotoxic activity of a second group of hederagenin 

glucoside saponins was also evaluated. Our results showed that cytotoxicity was a result of 

both the sugar part and the structure of genin (carboxylic acid or methyl ester). 

 

 

Keywords: α-Hederin; Saponin; Hederagenin; Haemolysis; Cytotoxicity; KB cells 
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1. Introduction 

 

     Saponins are triterpene or steroid glycosides found in a wide variety of plants and certain 

marine organisms possessing various biological and pharmacological activities [1]. Their 

biological activities are closely related to their chemical structures which determine polarity, 

hydrophobicity and acidity. The lysis of red blood cells by saponins is the result of 

interactions with membrane cholesterol [1] forming pits and holes [2-4], which produce a 

destabilisation of the membrane by a micellar type-arrangement [5]. In the study of saponin 

structure-activity relationships, both the aglycone and the sugar moiety play an important role 

in the evaluation of biological activity [6-10]. Haemolytic activity depends on the nature, 

number and sequence of the sugars in the saponin, and most existing structure-activity 

relationships have focused either on the aglycone or on the number of sugar units involved [6, 

7, 9, 10]. As structure-activity relationships of certain synthetic triterpenoid or steroid 

saponins have been previously established [9, 11-15], it has been shown that the effect of the 

sugar residue on haemolytic activity is not transferable from one aglycone to another [9, 15]. 

With aglycones possessing a carboxylic acid in position 28, the haemolytic activity is greater 

when the acid is esterified as a methyl ester [6, 8, 16].  

Many hederagenin containing saponins have been shown to possess haemolytic activity 

[7]. α-hederin (1) and δ-hederin (2) are natural triterpenoids widely distributed in higher 

plants [1, 17-22]. In addition to molluscicidal [18, 20] and cytotoxic [22, 23] activities, α-

hederin possesses strong haemolytic activity [7, 19] and reveals cytotoxicity against various 

cancer cell lines and in vivo tumours [21, 22, 24-29]. It has been proposed that the mechanism 

by which α-hederin induces cell destruction could be apoptosis [29] and/or membrane 

alterations [25]. Certain authors have  hypothesized that the α-L-Rhap-(1→2)-α-L-Arap osidic 

sequence is essential for the cytotoxic activity of hederagenin saponins [21] as a change in the 
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sugar moiety influences cytotoxic activity [23, 30]. However, in the literature, comparative 

structure-activity relationship studies of both haemolytic and cytotoxic activities are few [30].  

For the past several years, our laboratory has been interested in haemolytic structure-

activity relationships of triterpenoid saponins [7, 8]. In order to further develop our study of 

hederagenin saponins [8], we analyzed the activity of hemi-synthetic saponins derived from δ-

hederin by varying the type and position of the sugar unit attached to the α-L-arabinose. In the 

first part of this study, the haemolytic activity of thirteen synthetic hederagenin saponins and 

their methyl esters was measured to verify whether both the type and position of the sugar 

influence the two series in the same manner. The tested saponins were δ-hederin (1) , α-

hederin  (2) and its positional disaccharide isomers bearing an α-L-rhamnopyranose attached 

to positions 3 or 4 of the α-L-arabinopyranose (4-5) [31]. Two distinct families in which the L-

arabinopyranose was glycosylated in positions 2, 3 or 4 with a β-D-xylopyranose (6-9) or a β-

D-glucopyranose (10-13) residue, were also prepared [32] and tested, as well as saponins 3, 7 

and 11, having a non-naturally occurring β configuration between the aglycone and the sugar 

chain. The cytotoxic activity of the hemi-synthetic saponins on KB cells is reported in a 

second part, in order to verify the importance of the sugar chain and to establish structure-

activity relationships. The range of molecules tested was extended to include hemi-synthetic 

hederagenin diglycoside saponins containing a β-D-glucose as the first sugar (14-19) as well 

as their methyl esters (14a-19a) [8]. Finally, as apoptosis is a process of programmed cell 

death, characterized at the nuclear level by the condensation of chromatin and DNA 

fragmentation, the influence of some saponins on the structure of the cell nucleus was studied. 

Haemolysis, cytotoxicity and apoptosis results of all tested saponins in their two forms were 

then compared to clarify the possible link between these two biological activities. 

Fig. 1 and 2 near here 
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2. Materiels and methods 

 

2.1. Chemicals 

 

DMSO, MTT, and Chromomycine A3, were purchased from Sigma-Aldrich® Munich, 

Germany. SN-38 or 7-ethyl-10-hydroxycamptothecin was purchased from Qventas, Newark, 

DE, USA. All other chemicals were of analytical grade purity. 

 

2.2. Saponin hemi-synthesis 

 

δ-Hederin (1), α-hederin (2) and its eleven analogues (Fig. 1) were synthesized using 

previously described chemical methods [31, 32]. Synthesis of the other diglycosides saponins 

using six commercial disaccharides (Fig. 2) was also previously described [8]. All of the 

tested saponins were ≥ 95% pure (HPLC). 

 

2.3. Haemolysis 

 

 Sheep erythrocytes were purchased from Eurobio® with a determined hematocrite level. 

This suspension was diluted with phosphate buffer saline (PBS) (pH 7.4) in order to obtain a 

10% erythrocyte solution. Mother saponin solutions (500 µg/ml) were freshly prepared by 

dissolving the saponin in DMSO, then adding PBS to obtain a solution of 5:1 DMSO/PBS; 1 

ml samples were prepared in PBS with concentrations ranging from 1 to 100 µg/ml (no 

damage of the erythrocytes by DMSO occurred at 100 µg/ml). Each concentration was done 

in triplicate. The erythrocyte suspension (25 µl) was added to 1 ml of the solution to be tested 
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and the samples were rapidly stirred and incubated at 37 °C for 60 min. Periodic stirring 

during the incubation period was performed. The solutions were then centrifuged at 3000 rpm 

for 5 min. Absorbance of the supernatant was measured at 540 nm and the haemolysis 

percentage was calculated by comparison with 100% haemolysis caused by the Sigma® 

dialyzed mixture [8]. HD50 and HD100 values were the sample concentrations that caused 50% 

and 100% haemolysis. 

 

2.4. Essay for growth inhibition 

 

2.4.1. Cell culture 

The KB cell line DSMZ ACC136 was purchased from Interchim®. Cells were grown at 37 

°C in Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% of foetal calf 

serum (FCS) (Gibco) in a humidified atmosphere containing 5% CO2. Logarithmically 

growing cells were seeded in 25 cm2 Nunclon tissue culture flasks at a density of 50.103 ¢/ml 

in 5 ml, twice a week. 

 

2.4.2. Experiments 

To evaluate the effect of the nutrient medium, experiments were first performed in parallel 

in DMEM-10% FCS and in HAM F12 (Gibco) without FCS. Logarithmically growing KB 

cells were seeded for 24 h into a 96 well plate (Nunclon) (200 µl of DMEM-10% FCS per 

well with 50.103 ¢/ml) for adhesion. The cytotoxic activity of α-hederin (2) was tested in both 

mediums. The mother saponin solution (1 mg/ml) was prepared by dissolving α-hederin in 

DMSO and then sample dilutions were prepared in both mediums. After removal of the 

medium, 200 µl of DMEM-10% FCS or HAM F12 containing different concentrations of the 

saponin (1, 2.5, 5, 7.5 or 10 µg/ml) were added. Each concentration was done in triplicate. 
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IC50 values, concentration which inhibit 50% of growing cells, were determined after 48 h of 

incubation using the MTT test. The OD was measured at 540 nm. 

For the others saponins, a mother saponin solution (1 mg/ml) was prepared by dissolving 

the saponin in DMSO. Sample dilutions ranging from 1 to 10 µg/ml were then prepared by 

diluting in HAM F12. IC50 values for these saponins were determined after 48 h of incubation 

as described for α-hederin with Ham F-12 as the nutrient medium. 

 

2.5. Nuclei analysis by confocal microscopic imaging 

 

This analysis concerned δ-hederin (1), α-hederin (2) and several analogues (3-5, 6, 8, 10, 

13) and their methyl esters (1a-3a, 6a, 8a, 10a, 13a). 

From exponentially growing cultures, KB cells were plated onto microscopic slides at 

25.103 ¢/ml in DMEM-10% FCS medium, in 24 well plates, for 24 h, to allow the cells to 

adhere. Saponins in HAM F12 were then added, after rinsing the cells with PBS, at 

concentrations just below the IC50, for 48h. Cells were rinsed 3 times with PBS, and then 

fixed with paraformaldehyde 4% PBS with Triton X100 0.1%, for 5 min. After rinsing 3 

times with PBS, Chromomycin A3 was added at 0.1 mg/ml in PBS–MgCl2 for 10 to 15 min. 

After rinsing, slides were mounted with Citifluor anti-fading agent. Observation was 

performed with Biorad MRC 1024 S confocal microscope. Percentages of mitotic and 

apoptotic figures were calculated from the observation of 150 cells. A confocal assistant 

system was used for image treatment and measurement of nuclei diameters (apoptotic and 

mitotic nuclei were excluded). 

 

 

3. Results 
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3.1. Haemolysis 

 

The haemolytic activities of saponins containing L-arabinose (1-13) are shown in Fig. 3 

and the haemolytic activities of their methyl esters (1a-13a) are shown in Fig. 4.  

Fig 3 near here 

 

δ-Hederin (1), having one sugar for the osidic chain, showed a considerable haemolytic 

activity, slightly less active than α-hederin (2) (Fig. 3). Comparing the activities of saponins 

2-5 with an α-L-rhamnopyranose, showed that saponin 3, with a β-L anomeric configuration 

for the arabinopyranose, had only a weak activity at the strongest concentration tested. When 

considering HD50, the substitution in position 2 of the α-L-arabinopyranose (2), was 

approximately two times more haemolytic than substitution in position 3 (4) and five times 

more haemolytic than compound 5 having a (14) interglycosidic linkage. The activity of 

saponins 6-9 with a β-D-xylopyranose, showed that saponin 7, possessing the β-L-

arabinopyranose anomeric configuration, was inactive at the concentrations tested. The 

activity slightly increased in the order 8 ((13) linkage), 6 ((12) linkage) and 9 ((14) 

linkage). In the glucose series (10-13), saponins 10 and 11 having a (12) linkage, showed 

no haemolytic activity. In contrast to the series of saponins with an α-L-rhamnopyranose (2, 4, 

5) or a β-D-xylopyranose (6, 8, 9), the most active saponin possessed a (14) interglycosidic 

linkage (13). 

An overall increase in haemolysis was observed for the methyl esters saponins 1a-13a 

(Fig. 4) as compared to the corresponding free carboxylic acids (Fig. 3). Three exceptions 

were observed with compounds 4a and 8a possessing a (13) linkage and 13a with a (14) 
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linkage. The activity of these compounds was virtually identical to that of the free acid 

hederagenin derivatives 4, 8 and 13.  

Fig. 4 near here 

 

The increase in haemolytic activity of the saponins was very significant especially in the 

case of saponin 10a possessing a (12) interglycosidic linkage between a β-D-glucose and an 

α-L-arabinose. Whereas this compound was inactive in its natural form (10), its methyl ester 

was the most haemolytic saponin. This saponin was approximately three fold more active than 

saponin 13a having the (14) linkage. For the esterified saponins (1a-13a), the order of 

haemolytic activity in each series was not the same as in the free carboxylic acid series. α-

Hederin methyl ester (2a) possessing a (12) interglycosidic linkage between α-L-rhamnose 

and α-L-arabinose was one of the two most active saponins. The least active saponins were 

once again, those having a β anomeric configuration for the L-arabinose (3a, 7a, 11a). 

Saponin 7a had, however, a haemolytic activity of 100% at the highest concentration tested.  

 

3.2. Essay for growth inhibition  

 

3.2.1. Influence of the culture medium 

Previous studies have shown that bovine serum albumin (BSA) and foetal calf serum 

(FCS) decreased the cytotoxicity of α-hederin [25] and other saponins [33]. As cells are 

routinely cultured in DMEM-10% FCS, cell growth was compared with DMEM-10% FCS 

and with HAM F12 without serum and was identical after 72 h of culture. The doubling time 

was 21.8 h (1.1 per 24 h). The cytotoxicity of α-hederin (2), at the highest concentration tested 

(10 µg/ml = 13.3 µM) was 29% in DMEM-10% FCS and 97% in HAM F12, in agreement 

with Danloy et al. [25]. Consequently, tests were performed with HAM F12. 
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3.2.2. Cytotoxic activity of the L-arabinose containing saponins 1-13 and 1a-13a 

As for haemolytic activity, the cytotoxic activity results were divided into 2 groups: δ-

hederin (1), α-hederin (2) and their derived free carboxylic acid saponins 3-13 (Fig. 5) and the 

methyl ester derivatives 1a-13a (Fig. 6). SN 38 was used as a control. 

Fig. 5 near here 

 

α-Hederin (2) was again the most active compound with an IC50 of 5.5 µM, similar to 

those obtained on other cell lines [21, 27-28]. 

In the first group, no IC50 could be determined for the saponins possessing a β-L-arabinose 

(3, 7, 11) as these compounds were only slight active. Among the saponins having an α-L-

rhamnose as a second sugar, only α-hederin (2) ((12) linkage) and saponin 4 ((13) 

linkage) showed cytotoxic activity. When the α-L-arabinose was substituted by a β-D-xylose 

(6, 8, 9), growth inhibition was similar whatever the substitution position. Between saponins 

having a β-D-glucose as a second sugar (10, 12, 13), saponin 10 ((12) linkage), was only 

slightly cytotoxic at the concentrations tested. Saponins 12 ((13) linkage) and 13 ((14) 

linkage) were less active than α-hederin, as observed on other cell lines [24, 26]. 

Fig. 6 near here 

 

     Comparison of the activities of compound 1 (Fig. 5) and 1a (Fig. 6), revealed that the 

esterification of δ-hederin (1a), induced a decrease in cytotoxic activity. Esterification of α-

hederin (2a) had no influence on the inhibition of KB cell growth, as result previously 

observed against HL-60 cells with both hederagenin and oleanolic acid saponins [26]. For the 

other methylated saponins having an α-L-rhamnose as a second sugar (3a-5a), the cytotoxic 

activity slightly increased for compound 3a, possessing a β-L-arabinose, and 5a, which were 
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inactive in their carboxylic forms. On the other hand, the cytotoxicity of compound 4a 

decreased when compared to 4. When the L-arabinose was substituted by a β-D-xylose (6a-

9a), cytotoxic activity decreased after esterification except for compound 7a, possessing a β-

L-arabinose anomeric configuration. Compound 8a ((13) linkage) was almost not cytotoxic 

compared to its natural form (8). In the glucose series (10a-13a), esterification decreased the 

cytotoxic activity except for saponin 10a ((12) linkage). Compound 11a, possessing a β-L-

arabinose, was the least cytotoxic. 

 

3.3. Haemolytic and cytotoxic activity of β-D-glucose containing saponins 14-19 and 14a-19a 

 

Hederagenin galactosyl-glucosides and diglucosides (14-19) and their corresponding 

methyl esters (14a-19a) were previously tested in order to evaluate the influence of the 

position (4 or 6), the configuration (α or β) of the second sugar as well as the type of terminal 

sugar (D-glucose or D-galactose) on the haemolytic activity [8]. These results are reported in 

Table 1. As observed with L-arabinose disaccharides, the saponin methyl esters were more 

active than the free carboxylic acids. Our study showed that for both methyl ester and free 

acids, a (14) linkage between the sugars increased haemolytic activity as compared to a 

(16) linkage, and that a β configuration of the terminal sugar was also favoured. The results 

were more difficult to interpret for the choice of the terminal sugar. In our study, a galactose 

residue was preferred in the methyl ester saponin series, and a glucose residue was preferred 

in the free acid saponins [8]. 

Only a slight cytotoxic activity was observed for the free carboxylic acid saponins 14-19 

(Table 1). With esterified saponins 14a-19a, a decrease in cytotoxicity was observed when 

compared to the free acid saponins except for compounds 14a, 15a and 16a, possessing a 

(14) linkage with a β-D-glucose. The cellobiosyl (14a) and lactosyl (15a) saponins, in 
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which the terminal sugar has a β anomeric configuration, were the most cytotoxic, this 

tendency being previously observed with haemolytic activity. 

 

3.4. Nuclei analysis 

Labelling with Chromomycin A3, and observation with a confocal microscope allowed 

the identification of four parameters: the percentage of cells undergoing mitosis or apoptosis, 

analysis of the chromatin structure and measurement of the nuclear diameter, all of which are 

affected by treatment with saponins. Results were summarized in Fig. 7 and Table 2.                                                                                                                                  

These results revealed that the structure of the cell nuclei was not dependent on the culture 

medium. Cultured for 72h, the cells reached confluence and neither mitosis nor apoptosis 

could be detected, as previously observed for these culture conditions. The mean diameter of 

nuclei was 11.6 µm. In these control cells, chromatin was regularly scattered as clumps within 

the nucleus with a classical weak condensation around the nucleolus (Fig. 7A).  

Fig. 7 near here 

 

Unfortunately, saponins 6a, 8a, 10a and 13a induced the loss of cell adhesion on the 

slides. The treatment of KB cells with the other saponins induced alterations whose amplitude 

varied within the cell population. Treated cells never reached confluence, whatever the 

compound used. Although some cells maintained a typical nuclear structure (Fig. 7E, F, K), 

that of the other nuclei was modified in four ways and the intensity of the observed 

modifications was largely dose-dependent (2, 2a, 3, 3a and 8). 

Firstly, enlargement of the cell nuclei diameter was associated with weak structural 

modifications (Fig. 7B): the perinucleolar condensation of chromatin was maintained as well 

as the presence of clumps in the nucleoplasm (1, 2). Secondly, the presence of true apoptotic 

figures with the classical intensive condensation of chromatin (Fig. 7B’, F’) was observed 
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with saponins 1, 3, 3a, 4, 6, 8, 10 and 13. Thirdly, saponins 1, 2, and 2a induced a low 

apoptotic process that lead to the presence of intermediate steps seen by the condensation of 

chromatin around the nucleolus and lining the nuclear envelope (Fig. 7C, D, E’) which left the 

nucleoplasm empty. The last type of modification consisted of an increased number of 

chromatin clumps corresponding to a granular aspect of the chromatin (Fig. 7I, J) or a de-

condensation of the chromatin which appeared smooth in the whole nucleus (Fig. 7G, H, L). 

When considering the nuclear diameters (Table 2), the most prominent result consisted of 

a homogeneous enlargement of the nuclei which was observed with saponins 1 or 3a. On the 

other hand, with saponins 2, 3, 2a, 3a, 6 and 8, a weak decrease in the mean diameter was 

observed (~ 10 µm). 

The percentages of mitosis and apoptosis, when compared to the control cells, showed that 

the treated ones exhibited a slower growth rate as some mitosis was detected for a cell 

population under confluence. In most of the cases, the presence of mitosis was associated with 

apoptosis which was particularly high for compounds 3, 8 and 13. 

 

 

4. Discussion 

 

Saponins possess detergent-like properties. They can also increase the permeability of cell 

membranes without destroying them [34]. In the case of erythrocytes, complexation of 

saponins with cholesterol results in rapid cell lysis [7, 35]. Saponins could also affect the 

interaction between trans-membrane proteins such as Na+,K+-ATPase and proteins of the 

cytoskeleton related to the cell membrane [36, 37]. It is known that saponin interactions with 

the cell membrane are dependent on the structure of the genin as well as the sugar moiety 

[38]. When comparing the cytotoxic activity and the haemolytic activity of different triterpene 
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bidesmoside saponins, Bader et al. concluded that these two activities were directly correlated 

[30]. 

In this study, α-hederin (2) is the most active molecule of the tested saponins. Our results 

seemed to confirm the hypothesis that the sequence α-L-Rhap-(1→2)-α-L-Arap is 

characteristic of the more cytotoxic saponins with oleanolic acid or hederagenin [21, 22]. 

However, the mechanism of action for α-hederin is not clearly established and this saponin is 

as active on cancerous cells as on non cancerous ones [22]. 

The presence of a β-L-arabinopyranose (3, 7, 11, 3a, 7a, 11a) was related to a lack of 

determined HD50 or IC50, except for compounds 3a and 7a which showed very low activity. 

These results were similar to those observed with saponins 17-19 and 17a-19a possessing an 

α-D-Glc or an α-D-Gal (Table 1). The anomeric configurations (α-D or β-L) are non natural for 

saponins and are rarely observed in the plant kingdom. According to our results, the presence 

of these anomeric configurations, anywhere in the sugar moiety, is unfavourable for both the 

haemolytic and cytotoxic activities. 

We have previously described that the haemolytic activity increases with the length of the 

osidic chain [7], but Seebacher et al. have observed that this is not always the rule [12]. Our 

results have also showed that δ-hederin (1), with only one sugar, has a considerable 

haemolytic activity (HD50 = 14.0 µM), being only slightly less active than α-hederin (2), and 

more haemolytic than most of the saponins having a disaccharide chain (Fig. 3). On the other 

hand, compound 1 was less cytotoxic than the most of the other saponins (Fig. 5). 

In relation to the glycoside chain, the ascending order of activity of saponins 2-13 was 

parallel when comparing haemolytic activity (HD50) and cytotoxic activity on KB cells (IC50), 

(Fig. 3 and 5). For example, the saponins with a β-L-arabinose (3, 7, 11) as well as akebia 

saponin C (10) did not present any activity for either test. Compound 5, which had no 

cytotoxic activity, showed the weakest haemolytic activity (HD50 at 58.4 µM) of the α-L-
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arabinose containing saponins. Our results with saponins 2-13 showed that neither the 

intrinsic nature of the second sugar nor the interglycosidic linkages were, in themselves, 

determinant, but that each sugar was efficient in a specific position. The preferential position 

of substitution was a (12) > (13) > (14) linkage for the α-L-rhamnopyranose series, a 

(13) > (12) > (14) linkage for the β-D-xylopyranose family, and a (14) > (13) > 

(12) linkage for the β-D-glucopyranose family. The parallel between cytotoxic and 

haemolytic activity cannot, however, be generalized as observed with δ-hederin (1). With the 

β-D-glucose containing saponins 14-19, our previous study showed that a (14) linkage 

between the two hexoses, β-D-glucose or β-D-galactose, increased haemolytic activity as 

compared to a (16) linkage, and that the β configuration of the terminal sugar was also 

favoured [8]. Although saponins 14, 15 and 16 are haemolytic, no IC50 values were obtained 

at the highest concentrations tested (12.5 µM). The change of arabinose (13) by glucose (14) 

at the first position of the disaccharide chain suppresses cytotoxic activity, probably because 

glucose is rapidly hydrolysed into the cell [22]. 

It has been described that genin esterification increases haemolytic activity by reducing 

polarity [6]. Overall, this same phenomenon was observed in our study, except for compounds 

4a and 8a that were as active as their carboxylic acid counterparts (4, 8). The most significant 

increase in haemolytic activity was observed with the esterified saponin 10a, which became 

the most active one, with an HD50 of 6.6 µM. In contrast, we observed that cytotoxicity is 

generally reduced after esterification except for saponins 3a and 7a with a β-L-arabinose and 

saponin 10a (β-D-Glc-(12)-α-L-Ara) (Fig. 5 and 6). This increase is very significant for 

saponins 3a and 10a which were only slightly cytotoxic in their carboxylic acid forms (Fig. 5 

and 6). A similar, albeit moderate, increase of cytotoxic activity was observed with glucose 

containing saponins 14a, 15a and 16a characterized by a (14) interglycosidic linkage 

(Table 1). Esterification did not affect the activity of α-hederin (2a), which remained the most 
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cytotoxic compound, whereas in the case of the haemolytic activity, 2a is twice as active as α-

hederin (2).  

In contrast to the free carboxylic acid saponins, no correlation between haemolytic and 

cytotoxic activities was observed with esterified ones. The methyl ester of δ-hederin (1a) was 

one of the three most haemolytic saponins (1a, 2a, 10a) (Fig. 4), whereas with an IC50 of 14.3 

µM 1a was among the least active of the compounds tested (Fig. 6). The order of activity with 

respect to the attached glycoside chain was different when comparing cytotoxic activity on 

KB cells (IC50) and haemolytic activity (HD50) for the esterified saponins 2a-13a (Fig. 4 and 

6), and was not identical to that of their corresponding free acid counterparts (2-13). The order 

of haemolytic activity was a (12) > (14) > (13) linkage for an α-L-rhamnopyranose or a 

β-D-glucopyranose, and a (12) > (13) > (14) linkage for a β-D-xylopyranose. It seems 

that for these esterified saponins, the (12) interglycosidic linkage is favoured for haemolytic 

activity. For cytotoxic activity, a β-D-glucopyranose was more efficient in the order of a 

(14) > (12) > (13) linkage. For an α-L-rhamnopyranose and a β-D-xylopyranose a 

(12) linkage was the most cytotoxic. The respective order of activity of these two series 

was a (12) > (13) > (14) linkage for an α-L-rhamnopyranose and a (12) > (14) > 

(13) linkage for a β-D-xylopyranose. 

The principal goal of the nuclear analysis was to identify the occurence of cell death 

through apoptosis. Four parameters were studied, percentage of mitosis and apoptosis, mean 

nuclear diameter and nuclear structure. Percentage of apoptosis does not reflect the true 

percentage of cells which undergo a death process because the final step of the mechanism is 

the detachment of the cells from the glass slide. As a consequence, a high percentage of 

apoptotic cells was not necessarily the expression of a wide phenomenon involving all the 

cells. It may well be the expression of a slow process which allowed us to detect cells which 

were in the intermediate steps of the apoptotic phenomenon; these cells exhibited a longer cell 
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cycle than control cells. If this is the case, the result is more the consequence of a cytotostatic 

effect of the tested product than a pure cytotoxic one. This was corroborated by the drug 

concentrations tested, just below IC50 values. 

Control cells showed a homogenous population with a typical chromatin organization and 

lacked mitosis, apoptosis and necrosis that is always the case in the culture conditions for KB 

cells [39]. The different saponins tested induced various modifications in nuclear structure 

and cell development (percentage of mitosis and apoptosis). δ-Hederin (1) lead to nuclei 

enlargement (Fig. 7B) in association with low apoptosis (1 %) and mitosis (< 1 %) (Table 2), 

which revealed a cytostatic effect. With the most efficient saponin (2) (IC50 = 5.5 µM) true 

apoptotic figures were not observed. Nuclei modifications implicated the condensation of 

chromatin, thus constituting an intermediate step in the apoptotic pathway (Fig. 7D). As the 

IC50 was very low, it could be hypothesized that the true apoptotic cells had been previously 

detached from the glass slide. Cell membrane lysis, which could be responsible for cell death, 

was not obvious as no cells ghosts were identified in these conditions. 

Saponin 3, with a β-L-arabinose linkage, demonstrated low haemolytic and cytotoxic 

activities. Numerous apoptotic nuclei were detected in association with very high percentage 

of mitosis. The other nuclei appeared unmodified. This could be the result of a slow start of 

the apoptotic process, in which the selected cells were in a peculiar phase of the cell cycle 

and/or were not in a terminal phase at the time of smear preparation. As mitosis was still 

present, this saponin exerted a more cytostatic action then a purely rapid and cytotoxic one. 

An analogous response was obtained with saponin 10.  

Change in the interglycosidic linkage (13) to (14) (4 and 5) in the same rhamnose 

series lead to a lack of mitosis and apoptosis for 5 compared to 4. Saponin 5 was also less 

haemolytic than saponin 4 and not cytotoxic for KB cells considering MTT test and nuclei 
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structure. On the other hand, saponin 4 showed a cytostatic action and could initiate apoptotic 

cell death.  

A change in the second sugar, xylose (6) or glucose (10) with a (12) interglycosidic 

linkage, lead to a low level of mitosis, analogous to that of α-hederin (2). Apoptosis was 

higher for saponin 10 (4%) compared to saponins 6 and 2. Change in the interglycosidic 

linkage (12) (6) and (13) (8) of β-D-xylose/α-L-arabinose saponins did not significantly 

modify the HD50, the IC50, or the observed nuclear structures (Fig. 3, 5 and 7K). This could be 

considered as the expression of a predominant cytostatic process. The presence of apoptosis 

could be the consequence of the slow rate of the apoptotic process, preservating the rapid 

detachment of the cells from the glass slides. At the higher concentration, cells disappeared 

from the glass slides (8), in correlation with the haemolytic activity which altered the cell 

membrane. 

Saponin esterification, which increased all of the IC50 values except for saponin 2a, 

allowed intermediate (1a, 2a) or typical apoptotic figures (3a). Esterified saponins 6a, 8a, 

10a, and 13a lead to total detachment of the cells from the glass slides. Among these 

molecules, IC50 values were high ( 9.5 µM) to undetectable, while HD50 values were low. In 

these cases, the lethal action could be correlated to the haemolytic activity that altered the cell 

membrane, inducing cell detachment [28]. This hypothesis was corroborated by the 

differential re-organization of intrinsic proteins which is dependent on the ability of the 

saponins to integrate into the membrane [25, 37, 40]. Clearly, cell death occurred rapidly and 

systematically for all of the cells. Necrosis can not be completely excluded, but such cell 

alterations were not observed.  

 

In conclusion, structure-activity relationships have been established for both the 

haemolytic and cytotoxic activities of 19 synthesized free carboxylic acid and methyl ester 
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saponins. It is clear that the sugar chain as a whole, e.g. the configuration of the 

interglycosidic linkages, the substitution pattern, and the type of sugar units involved, has an 

undeniable influence on the rate of both haemolytic and cytotoxic activity. The same 

glycoside chain can also have a different influence when the aglycone is only slightly 

modified (carboxylic acid or methyl ester). The hydrophobic aglycone backbone could 

probably intercalate into the hydrophobic membrane bilayer, while the glycoside chain could 

interact with the polar group. Multiple interactions of this sort would thus interfere with the 

membrane fluidity [38]. The methyl ester saponins were generally more haemolytic and less 

cytotoxic than their corresponding free carboxylic acids. This suggests that esterification, 

which increases the lipophilicity of the triterpene moiety, could create a different interaction 

with the cell membrane. Moreover, the presence of free carboxylic acid at C-28 seems to be 

essential for cytotoxicity as previously observed [41].  

In this study, the anomeric configurations β-L or α-D were unfavourable, suggesting that 

these configurations were not recognised by the cellular constituents. α-Hederin (2) was 

clearly the most haemolytic and cytotoxic saponin, thus confirming the fact that the α-L-Rhap-

(1→2)-α-L-Arap osidic chain was important for cytotoxic activity as previously postulated 

[21, 41]. Unfortunately, for the α-L-arabinose free carboxylic acid saponins (3-13), none of 

the three sugars used in this study (L-rhamnose, D-xylose ou D-glucose) simultaneously 

increased both haemolytic and cytotoxic activity, whatever the position of substitution on the 

α-L-arabinose. Each sugar showed, however, a preferential substitution position on the α-L-

arabinopyranose for good activity. Esterification in position 28 increased haemolytic activity 

and decreased cytotoxic activity in the majority of cases. Thus, it is impossible to correlate 

haemolytic activity and cytotoxic activity within this group of compounds.  

The cell responses pointed out that the different saponins might block the cell cycle at 

different steps [42] and / or that the mechanisms were initiated with varied delay. The 
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resulting cytotoxicity, as revealed by biological tests and nuclei structure, reveals the duality 

and/or complementarity of a plasma membrane alteration and the action on membrane 

receptors for apoptosis. It has been recently pointed out that the triterpenoid saponin avicin 

can induce apoptosis through the formation of channels within the cell membrane [43]. It 

could also be hypothesized that these alterations of the cell membrane could interfere with the 

underlying cytoskeleton and more precisely with the hemi-desmosomes which participate in 

cell adhesion to the substrate. The lack of cells after the addition of some saponins could thus 

be the result of a multiple mode of action. Here we have shown that nuclear events, such as 

apoptosis, are involved in the cytotoxicity of saponins, and a detailed mechanistic study is 

necessary to better understand this phenomenon. 
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R = -L-Ara R’ = H (1) 

 R’ = CH3 (1a) 

R = -L-Rha-(12)--L-Ara R’ = H (2) 

 R’ = CH3 (2a) 

R = -L-Rha -(12)--L-Ara R’ = H (3) 

 R’ = CH3 (3a) 

R = -L-Rha -(13)--L-Ara R’ = H (4) 

 R’ = CH3 (4a) 

R = -L-Rha -(14)--L-Ara R’ = H (5) 

 R’ = CH3 (5a) 
 

R = -D-Xyl-(12)--L-Ara R’ = H (6)  R = -D-Glc-(12)--L-Ara R’ = H (10) 

 R’ = CH3 (6a)   R’ = CH3 (10a) 

R = -D-Xyl-(12)--L-Ara R’ = H (7)  R = -D-Glc-(12)--L-Ara R’ = H (11) 

 R’ = CH3 (7a)   R’ = CH3 (11a) 

R = -D-Xyl-(13)--L-Ara R’ = H (8)  R = -D-Glc-(13)--L-Ara R’ = H (12) 

 R’ = CH3 (8a)   R’ = CH3 (12a) 

R = -D-Xyl-(14)--L-Ara R’ = H (9)  R = -D-Glc-(14)--L-Ara R’ = H (13) 

 R’ = CH3 (9a)   R’ = CH3 (13a) 

Fig. 1.  α-L-Rha-L-Ara,  β-D-Xyl-L-Ara and β-D-Glc-L-Ara hederagenin saponins  
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R = -D-Glc-(14)--D-Glc (cellobiosyl) R’ = H (14) 

  R’ = CH3 (14a) 

R = -D-Gal-(14)--D-Glc (lactosyl) R’ = H (15) 

  R’ = CH3 (15a) 

R = -D-Glc-(14)--D-Glc (maltosyl) R’ = H (16) 

  R’ = CH3 (16a) 

R = -D-Glc-(16)--D-Glc (gentiobiosyl) R’ = H (17) 

  R’ = CH3 (17a) 

R = -D-Glc-(16)--D-Glc (isomaltosyl) R’ = H (18) 

  R’ = CH3 (18a) 

R = -D-Gal-(16)--D-Glc (melibiosyl) R’ = H (19) 

  R’ = CH3 (19a) 

Fig. 2.  Glucose containing hederagenin saponins 
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Fig. 3. Comparative haemolytic activity of L-arabinose containing hederagenin saponins (1-

13). Each value represents means ± standard errors of triplicate tests. Significance difference 

of each saponin was calculated compared to α-hederin (2) using Student T-test, *P<0.01, and 

**P<0.001. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Comparative haemolytic activity of L-arabinose containing methyl hederagenate 

saponins (1a-13a). Each value represents means ± standard errors of triplicate tests. 

Significance difference of each saponin was calculated compared to α-hederin methyl ester 

(2a) using Student T-test, *P<0.01, and **P<0.001. 

 

osidic part IC50 (M) 

-L-Ara (1) 9.8 ± 0.3* 

-L-Rha-(12)--L-Ara (2) 5.5 ± 0.1 

-L-Rha-(1)--L-Ara (4) 8.6 ± 0.3* 

-L-Rha-(1)--L-Ara (5) > 13.3 [5%] b 

-L-Rha-(12)--L-Ara (3) > 13.3 [20%] b 

-D-Xyl-(12)--L-Ara (6) 8.7 ± 0.1* 

-D-Xyl-(1)--L-Ara (8) 8.6 ± 0.2* 

-D-Xyl-(1)--L-Ara (9) 9.0 ± 0.1* 

-D-Xyl-(12)--L-Ara (7) > 13.6 [31%] b 

-D-Glc-(12)--L-Ara (10) > 13.0 [31%] b 

-D-Glc-(1)--L-Ara (12) 11.6 ± 0.3* 

-D-Glc-(1)--L-Ara (13) 8.5 ± 0.7 

-D-Glc-(12)--L-Ara (11) > 13.0 [43%] b 
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Fig. 5. Effect of L-arabinose containing hederagenin saponin (1-13) on KB cells. Each value 

represents means ± standard errors of triplicate cultures. Significance difference of each 

saponin was calculated compared to α-hederin (2) using Student T-test, *P<0.01.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Effect of L-arabinose containing methyl hederagenate saponin (1a-13a) on KB cells. 

Each value represents means ± standard errors of triplicate cultures. Significance difference of 

each saponin was calculated compared to α-hederin methyl ester (2a) using Student T-test, 

*P<0.01. 
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osidic part IC50 (M)  

-L-Ara (1a) 14.3 ± 0.5* 

-L-Rha-(12)--L-Ara (2a) 5.5 ± 0.2 

-L-Rha-(1)--L-Ara (4a) 9.6 ± 0.2* 

-L-Rha-(1)--L-Ara (5a) > 13.1 [20%] b  

-L-Rha-(12)--L-Ara (3a) 13.1 ± 0.3* 

-D-Xyl-(12)--L-Ara (6a) 9.5 ± 0.6* 

-D-Xyl-(1)--L-Ara (8a) > 13.3 [25%] b 

-D-Xyl-(1)--L-Ara (9a) 13.3 ± 0.1* 

-D-Xyl-(12)--L-Ara (7a) > 13.3 [42%] b 

-D-Glc-(12)--L-Ara (10a) 11.5 ± 0.5* 

-D-Glc-(1)--L-Ara (12a) 12.8 ± 0.1* 

-D-Glc-(1)--L-Ara (13a) 10.4 ± 0.3* 

-D-Glc-(12)--L-Ara (11a) > 12.8 [20%] b 

SN 38a 0.1 
a value at 24h in DMEM-10%FCS culture medium 
b percentage of cell death observed at this concentration 
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Fig. 7. Confocal analysis of nuclei after treatment with various saponins. (A) control cells. (B 

and B’) saponin 1 at 8.3 µM. (C) saponin 1a at 12.1 µM. (D) saponin 2 at 6.7 µM. (E and E’) 

saponin 2a at 3.3 µM. (F and F’) saponin 3 at 10 µM. (G) saponin 3a at 9.8 µM. (H) saponin 

4 at 6.7 µM. (I) saponin 5 at  13.3 µM. (J) saponin 6 at 6.8 µM. (K) saponin 8 at 6.8 µM. (L) 

saponin 13 at 6.5 µM. Chromatin condensation lining the nuclear envelope (             ). 

Nucleolus (          ). Bar = 5 µm. (B) bar = 8 µm. 

 

 

 

 

D’ 
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Table 1. 

Haemolytic (HD50 and HD100) and cytotoxic activity (IC50) of saponins (14-19) and their 

methyl ester (14a-19a) in µM (means ± standard errors). 

Saponin HD50 HD100 IC50 Saponin HD50 HD100 IC50 

14 (cellobiosyl) 27.3 ± 0.1** 37.6  > 12.5 [16%]b 14a 10.5 ± 0.8** 24.7*  12.3 ± 0.6* 

15 (lactosyl) 30.2 ± 0.4** 50.2*  > 12.5 [28%]b 15a 8.3 ± 0.2* 12.3  12.3 ± 0.1* 

16 (maltosyl) 51.3 ± 1.7** 125.5*  > 12.5 [20%]b 16a 63.3 ± 8.3* > 123 [65%] > 12.3 [44%]b 

17 (gentiobiosyl) nhaa nhaa > 12.5 [34%]b 17a 84.7 ± 17.6 > 123 [80%] > 12.3 [29%]b 

18 (isomaltosyl) nhaa nhaa > 12.5 [33%]b 18a nhaa >  123 [6%] > 12.3 [17%]b 

19 (melibiosyl) nhaa nhaa > 12.5 [36%] b 19a 51.5 ± 0.5** > 123 [95%] > 12.3 [21%]b 

Sigma® 9 µg/ml 30 µg/ml      

SN-38   0.1     
a nha : no haemolytic activity; 
b cytotoxic activity observed at 10 µg/ml. 

*P<0.01, and **P<0.001 represent significant differences which were calculated compared to α-hederin (2) 

using Student T-test. 

 

 

 

Table 2. 

Nuclei diameter, number of mitoses and apoptosis observed with KB cells by confocal 

imaging for saponins (1-6, 8, 10, 13) and their methyl ester (1a-3a, 6a, 8a, 10a, 13a). 

 concentration 
Nucleus 

diameter 
mitosis apoptosis  concentration 

Nucleus 

diameter 
mitosis apoptosis 

 µM µm  SE % %  µM µm  SE % % 

control  11.6  0.5 0 0      

1 8.3 17.1  0.6 <1 1 1a 12.1 13.9  1.6 0 0 

          

2 3.3 12.3  1.0 <1 0 2a 3.3 10.0  1.0 0 0 

 6.7 10.3  0.3 0 0  6.6 12.5  1.0 0 0 

          

3 10.0 11.2  0.4 1,4 15,7 3a 9.8 9.2  0.4 0 <1 

 13.3 10.9  0.3 2,5 14  13.1 17.1  0.5 0 0 

          

4 6.7 12.0  0.8 <1 1,9      

          

5 13.3 11.8  0.7 0 0      

          

6 6.8 10.8  0.6 <1 <1 6a 6.7 0   

      10.0 0   

8 6.8 10.6  0.6 1,7 1.5 8a 10.0 0   

 10.2 0    13.3 0   

          

10 13 11.3  0.7 <1 4 10a 9.6 0   

          

13 6.5 11.9  1.0 3.3 6 13a 9.6 0   

 

 


