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The distribution of saponins in vivo affects their
synergy with chimeric toxins against tumours
expressing human epidermal growth factor
receptors in micebph_543 345..352
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Background and purpose: Certain saponins synergize with antitumour drugs to enhance their efficacy, but the mechanisms
underlying this synergy in vivo are not well studied. Here, we describe the distribution of Saponinum album (Spn) from
Gypsophila paniculata L. in mice after subcutaneous injection.
Experimental approach: The [3H]-labelled Spn used for in vivo experiments was biologically active, as it still increased the
cytotoxicity of a chimeric toxin in vitro. Distribution of [3H]-Spn was measured in BALB/c mice, with or without subcutaneous
tumours in the flank. Labelled Spn was subcutaneously injected in the neck, and samples of organs, blood, urine and tumour
tissue were analysed for radioactivity, 5–240 min after the injection.
Key results: The majority of [3H]-Spn distributed within 10 min throughout the entire animal, with high levels of radioactivity
in the urine by 30 min. No preferential accumulation in tumour tissue or other organs was observed. In tumour-bearing mice,
using a sequential combination of Spn (given first) and a chimeric toxin against the epidermal growth factor receptor, ErbB1,
we tested two different pretreatment times for Spn. There was high antitumour efficacy (66% inhibition of tumour growth)
after 60 min pre treatment with Spn, but no significant inhibition after 10 min pre treatment with Spn.
Conclusions and implications: [3H]-Spn was rapidly cleared from the mice after s.c. injection, and antitumour synergy with
chimeric toxins was correlated with the removal of excess Spn from tissues. Disposition of Spn in vivo may critically determine
antitumour synergy with chimeric toxins.
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Introduction

Saponins are plant glycosides that contain a hydrophobic
core structure, the aglycone, which is either a steroid or a
triterpenoid (see Güçlü-Ustündağ and Mazza, 2007), and,
usually, one or more sugar chains are covalently linked to the

core structure. The saponins have several properties. Among
them are permeabilization (Baumann et al., 2000), haemolysis
(Chwalek et al., 2006), anticancer (Wang et al., 2006b; Zheng
et al., 2006) and antimicrobial effects (Wina et al., 2005). In
addition, saponins possess many inhibitory effects on tumour
cells (see Bachran et al., 2008a). Besides growth inhibitory
effects (Haridas et al., 2001; Liu et al., 2005; Wang et al.,
2006a), induction of apoptosis (Haridas et al., 2001; Kim et al.,
2008; Niu et al., 2008) and reduction of invasiveness and
multidrug resistance (Yanamandra et al., 2003; Kwon et al.,
2008), the enhancement of inhibitory effects of other cyto-
static drugs by some saponins seems to be a promising option
for tumour therapy. Several chemotherapeutic agents have

Correspondence: Hendrik Fuchs, Zentralinstitut für Laboratoriumsmedizin und
Pathobiochemie, Charité – Universitätsmedizin Berlin, Campus Benjamin Fran-
klin, Hindenburgdamm 30, D-12200 Berlin, Germany. E-mail: hendrik.fuchs@
charite.de
Received 24 June 2009; revised 31 July 2009; accepted 27 August 2009

British Journal of Pharmacology (2010), 159, 345–352
© 2009 The Authors
Journal compilation © 2009 The British Pharmacological Society All rights reserved 0007-1188/09
www.brjpharmacol.org



been combined with saponins, and synergistic effects on
tumour growth inhibition were observed both in vitro and
in vivo (see Fuchs et al., 2009).

Immunotoxins (ITs) and chimeric toxins (CTs) are targeted
drugs designed for more efficient tumour treatment (see Fuchs
and Bachran, 2009). They consist of at least two functional
parts, a cell-targeting moiety and a cytotoxic compound. The
target structures for CTs and ITs include growth factor recep-
tors, such as the epidermal growth factor (EGF) receptor,
ErbB1 (receptor nomenclature follows Alexander et al., 2008),
vascular endothelial growth factor receptor, interleukin (IL)
receptors, such as IL-2 receptors and leucocyte antigens
(CD22, CD30). In 1999, the American Food and Drug Admin-
istration approved the first CT named Ontak (a fusion of IL-2
and parts of diphtheria toxin) for the treatment of cutaneous
T-cell lymphoma (Talpur et al., 2002; Frankel et al., 2003). In
addition, two further chemically coupled ITs, Zevalin (Chinn
et al., 1999; Witzig et al., 2002) and Mylotarg (Hamann et al.,
2002), have been approved and several ITs are under investi-
gation in clinical trials (Fuchs and Bachran, 2009). In spite of
the progress with ITs for the successful treatment of cancer,
several problems persist, among them (i) side effects of the
toxic compound due to non-specific toxicity, which often
results in diffuse endothelial damage and concomitant vascu-
lar leak syndrome (Soler-Rodriguez et al., 1993); and (ii) inef-
fective uptake of the drug into target cells. A few amino acids
in the toxic moieties of ITs have been modified to reduce
non-specific toxicity and vascular leak syndrome (Smallshaw
et al., 2003; Onda et al., 2008). The insertion of a cleavable
adapter was another approach to reduce side effects of ITs by
separating the toxic moiety from the targeting moiety (Goyal
and Batra, 2000; Fuchs et al., 2007). In our earlier work, we
reported a synergistic mechanism between CT and Saponi-
num album (Spn), a saponin composite from Gypsophila pan-
iculata L. We showed that a non-toxic, non-permeabilizing
concentration of Spn synergistically enhanced the cytotoxic-
ity of CTs up to more than 100 000-fold in cell culture experi-
ments (Heisler et al., 2005; Bachran et al., 2006). Thus,
saponins provide a hopeful option for improving CT uptake
and tumour therapy.

We have here described the distribution of Spn in mice in
order to make informed choices in the optimization of the
combination of Spn and CT for targeted tumour therapy. The
main obstacle to effective studies of the biodistribution of
saponins is the generation of a labelled form that also retains
biological activity. We applied a method based on modifica-
tion of the sugar side chains with [3H]-labelled acetyl residues.
Our results revealed that the majority of [3H]-Spn distributed
within minutes throughout the body of the mouse and accu-
mulated in the urine. However, a synergistic antitumour effect
of a sequential combination of Spn and CT was observed
60 min after Spn injection but not after 10 min.

Methods

Expression and purification of the CTs
The CTs used in this study [SA2E and chimeric toxins con-
taining saporin and EGF (SE)] consist of an N-terminal 6¥
His-tag, saporin-3 and human EGF as ligand. In SA2E, the

toxin and EGF are linked by the molecular adapter (Keller
et al., 2001). CTs were expressed for 3 h at 37°C in an isopro-
pyl b-D-thiogalactopyranoside-inducible Escherichia coli-
expression system, as described earlier (Bachran et al., 2008b).
Cells were harvested by centrifugation (10 min, 4°C, 5000¥ g).
Culture pellets resuspended in phosphate buffer solution
(PBS) (150 mM NaCl, 8.3 mM Na2HPO4, 1.7 mM KH2PO4, pH
7.4) were supplemented with 20 mM imidazole and stored at
-20°C.

The CTs were purified under native conditions by nickel-
nitrilotriacetic acid agarose affinity chromatography, as
described by Bachran et al. (2008b). The eluted CTs were con-
centrated in Amicon centrifugal devices (Millipore, Eschborn,
Germany) and desalted against PBS by using PD10 columns
(GE Healthcare, Munich, Germany). The CTs were estimated
to be >90% pure, as evaluated by Coomassie staining after
sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE). The concentration of purified proteins was esti-
mated by using Advanced Protein Assay Kit (Cytoskeleton
Inc., Denver, CO, USA). The quantity of full-length toxins was
corrected after analyses by SDS-PAGE [12% (w/v) gel] under
reducing conditions and comparison to protein standards.

Spn isolation and radio labelling with 3H-acetic anhydride
Spn for cytotoxicity assays and in vivo studies was obtained
from Merck, Darmstadt, Germany, and was further character-
ized (Weng et al., 2008; 2009a). The labelling with 3H-acetic
anhydride (25 mCi) (Amersham, Munich, Germany) was per-
formed as described elsewhere (Weng et al., 2009b). Specific,
vehicle-free activity was determined by liquid scintillation
and was calculated to be approximately 0.6 MBq·mg-1 3H-Spn
(Weng et al., 2009b).

Cell culture experiments
Cell culture experiments were performed with modified
murine NIH-3T3 Swiss mouse embryo fibroblasts (HER14
cells), stably transfected with human ErbB1. The model of
tumour growth in mice used murine mammary adenocarci-
noma TSA cells, stably transfected with human ErbB1 (TSA-
ErbB1 cells). HER14 and TSA-ErbB1 cells were maintained in
Dulbecco’s Modified Eagle’s Medium with Glutamax™-1
(PAA, Pasching, Austria) supplemented with 100 mL·L-1 fetal
calf serum (Biochrom, Berlin, Germany), 100 U·mL-1 penicil-
lin and 100 mg·mL-1 streptomycin and were cultivated at
37°C, 5% CO2 and 95% humidity.

The dose–response curves to [3H]-Spn alone and the com-
binations Spn/SE and [3H]-Spn/SE were obtained as described
(Bachran et al., 2006). The effects of [3H]-Spn given alone were
assessed over the concentration range of 1–30 mg·mL-1. The
combined application of Spn/SE was performed with SE in the
range of 0.03 to 10 nM while for [3H]-Spn/SE, SE was used in
concentrations between 0.1 and 30 nM. The concentration of
Spn and 3H-Spn was 1.5 mg·mL-1 each. The cells were culti-
vated for 48 h, as described above and subsequently analysed
in a cytotoxicity assay, which is based on the cleavage of
fluorescein diacetate by living cells (Bachran et al., 2006). The
relative cell survival was calculated after blank subtraction
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(wells without cells) as the percentage of living cells in treated
wells in relation to untreated cells (cells without toxin).

Animal experiments
All animal care and experimental procedures were carried out
in compliance with German law under licence number G
0274/03 of the Regional Authorities for Health and Social
Affairs LAGeSo of Berlin. We used 6- to 8-week-old (18–20 g)
female BALB/c mice (Bundesinstitut für Risikobewertung,
Berlin, Germany). After purchase, the mice were acclimatized
for 1 week before the experiments were started. The mice were
housed in groups of five in Plexiglas cages under standard
conditions of temperature (21–24°C), humidity (40–60%) and
12-h, light–dark cycles, with light period starting at 08:00 h.
Food and water were supplied ad libitum.

Distribution of 3H-Spn in vivo
For distribution studies of 3H-Spn, mice were injected s.c. in
the right flank with 2.5 ¥ 105 TSA-ErbB1 cells in 100 mL Dul-
becco’s PBS on day 1. After 2 weeks, tumours had a diameter
of about 5 mm, and biodistribution studies were initiated. A
further group of mice without tumours was used for compari-
son. Radioactivity of 40 kBq 3H-Spn (22.5 mg) were injected
s.c. in 100 mL Dulbecco’s PBS into the neck. After different
time intervals (5, 10, 30, 60 and 240 min), the mice were
killed by a 2-min exposure to isoflurane, and blood and urine
were collected. A range of tissues (skin from the abdomen,
skin from the injection site, kidney, spleen, liver, lung, heart,
ovary/oviduct, muscle, brain) and the tumour were dissected
and homogenized (3 ¥ 10 s at 6800 rpm with 30 s pause) with
700 mL PBS in a Precellys homogenizer (Peqlab, Erlangen,
Germany) with CK14 beads and CK28 beads. Aliquots
(500 mL) of the homogenate were analysed by liquid scintil-
lation counting in 15 mL Ultima Gold AB (Perkin-Elmer,
Überlingen, Germany) liquid scintillation solution and mea-
sured for 10 min.

Analysis of 3H-Spn by high performance thin layer
chromatography
Mouse urine was analysed by high-performance, thin-layer
chromatography (HPTLC) with silica gel 60 glass plates and
chloroform/methanol/water (70:50:10) as eluent. The urine of
four mice [5, 10 (two samples) and 60 min] without tumour
was used for these analyses. Plates were dried (100°C), and the
radioactivity of the application spot and of the region where
saponins are being detected was measured by liquid scintilla-
tion counting with Optiphase Supermix scintillation cocktail
(Perkin-Elmer).

Tumour growth inhibition in vivo
Analyses of tumour inhibition in BALB/c mice were per-
formed with syngeneic TSA-ErbB1 cells. HER14 cells are not of
BALB/c origin and, therefore, not suitable for the mouse
model. Nevertheless, HER14 cells were used for cell culture
experiments here, so we could more readily compare them
with our earlier results on the enhancement of cytotoxicity by

Spn. For efficacy studies of the combination therapy, groups
of 10 BALB/c mice were injected s.c. in the right flank with
1.25 ¥ 105 TSA-ErbB1 cells in 100 mL Dulbecco’s PBS on day 1.
Treatment with Spn/SA2E started on day 6 to allow adhesion
and moderate growth of the tumour cells. Tumour treatment
was performed with the adapter-containing SA2E instead of
SE because SA2E induces fewer side effects and is more effec-
tive in vivo (Fuchs et al., 2007). Two different treatment
methods were analysed with six applications on days 6, 9, 13,
16, 20 and 23 with 30 mg (1670 mg·kg-1) Spn in 100 mL Dul-
becco’s PBS injected s.c. in the neck and 0.1 mg (5.6 mg·kg-1)
SA2E in 100 mL Dulbecco’s PBS injected (i) after 10 min or (ii)
after 60 min s.c. in the right flank in the vicinity of the
tumour. The controls were injected twice with 100 mL Dulbec-
co’s PBS in the neck first and in the right flank after 10 min.
Therapeutic efficacy was characterized by measuring tumour
growth in vivo by using a calliper and by weighing the excised
tumour after killing the mice on day 27. Only mice with
growing tumours were used for the experiment. The volume
of the tumour was calculated assuming a spheroid and calcu-
lated with the shape-modified formula (adjusted to the typical
shape of the tumours) 3/5 ¥ p ¥ a ¥ b ¥ c (a, b and c are the
diameters of the tumour).

Data analysis
Data are shown as means � SEM or SD, as shown in the text.
The statistical analysis for determining P values was per-
formed with SPSS 17.0 (SPSS Inc., Chicago, IL, USA) by using
the Mann–Whitney U-test. A P value < 0.05 was considered as
statistically significant.

Results

Cytotoxicity of 3H-Spn and of the combination 3H-Spn/SE
Purification, testing of the enzymatic activity and determina-
tion of dose response curves are well established for the CTs
(Heisler et al., 2002; 2003). For all experiments, only those
toxins that exhibited at least 90% purity (as evaluated
by Coomassie staining) were used. The cytotoxicity of
3H-labelled Spn alone and of 3H-Spn in combination with SE,
a CT against ErbB1, was analysed on HER14 cells (Figure 1).
3H-Spn displayed no cytotoxicity on HER14 cells at concen-
trations up to 30 mg·mL-1. For the combination 3H-Spn/SE, the
amount of 3H-Spn was 1.5 mg·mL-1 in order to achieve com-
parable results to those obtained with unlabelled Spn that was
generally used at this concentration determined to be optimal
in previous experiments. The 50% growth inhibitory concen-
tration (GI50) for SE was about 3 pM in the case of Spn/SE but
30 pM when 3H-Spn/SE was used. Although the potency of
the combination was reduced by labelling the Spn, relative to
the unlabelled form, the potency of SE was still considerably
enhanced over that of SE alone (GI50 about 3000 pM;
Figure 1B).

Biodistribution of 3H-Spn
For any effect of the presence of tumours on 3H-Spn distribu-
tion in vivo to be assessed, the investigations were performed
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in tumour-bearing mice and tumour-free mice (Figure 2). In
both groups, the majority of the labelled Spn was found in the
urine as soon as 30 min after injection (Figure 2A,C). After
5 min, the highest levels of radioactivity were detected at the
injection site in the skin of the neck. However, 3H-Spn disap-
peared very quickly from the injection site, dispersed through
the whole body and reached the urine. At 30 min after injec-
tion, radioactivity at the injection site was drastically reduced.
The activity (per g tissue) was slightly increased in the kidneys
and the liver in comparison with the other organs
(Figure 2B,D). Radioactivity was highest in the kidneys after
10 min while at every time point only marginal, low levels of
3H were detected in the blood. This indicates a rapid transfer
from the blood to the urine via the kidneys. Only small
amounts of 3H-Spn remained in the different organs. While
the activity of 3H-Spn in the urine reached peak values of
about 150–200 kBq·g-1 by 30 min, the highest amounts in the
organs were in a much lower range, 1–2 kBq·g-1 tissue. No
preferential accumulation of 3H-Spn in the tumours was
observed.

Analysis of 3H-Spn in urine
The radioactivity in the urine was further analysed by HPTLC
in order to identify whether unchanged 3H-Spn was present in
the urine or whether the radioactivity was derived from
3H-acetate, cleaved from 3H-Spn. The analysis of different
areas on the chromatogram by liquid scintillation counting
revealed that unchanged 3H-Spn was detected in the urine of
the mice (Figure 3). The radioactivity found in the Spn area
was equivalent to 34.7% of the total 3H in the sample analy-
sed at 5 min after injection, 27.6 and 24.4% at 10 min after
injection and 27.3% at 60 min after injection. At the origin of
the chromatogram where 3H-acetate is expected, only small
amounts of 3H-activity were found (12.7% at 5 min, 5.8 and
7.8% at 10 min and 1.9% at 60 min after injection).

Tumour growth inhibition in vivo
Inhibition of tumour growth by the combination of Spn and
SA2E (another CT targeted at ErbB1) was studied with two
different treatment schedules: (i) SA2E injected 10 min after
Spn; and (ii) SA2E injected 60 min after Spn (Figure 4). We did
not treat tumour-bearing mice with SA2E alone, as earlier
experiments had shown significantly higher inhibition with
Spn/SA2E combinations; 0.1 mg SA2E resulted in a slight
tumour growth, while Spn alone did not (Bachran et al.,
2009). In our present experiments, both treatment schedules
inhibited tumour growth. However, the schedule with 60-min
pre treatment was more effective than that with 10 min pre
treatment. The comparisons and statistical analyses of
tumour growth were performed with the data of day 27 (end
of the experiment). Assay of tumour volumes (Figure 4)
showed that, compared with sham-treated mice, treatment
with the combination given 10 min apart resulted in 46%
inhibition, which was not significantly different from the
sham-treated mice (P = 0.094). However, treatment with Spn
60 min before adding the SA2E significantly inhibited tumour
growth by 66% (P = 0.004). The weights of the tumours after
27 days were as follows: sham-treated mice: 0.800 � 0.389 g
(mean � SD); mice treated with 10-min interval between Spn
and SA2E application: 0.512 � 0.238 g; mice treated with
60-min interval between Spn and SA2E application: 0.348 �

0.214 g (P = 0.102 for 10-min interval and P = 0.011 for
60 min; different from sham-treated values; n = 9 for each
group; Mann–Whitney U-test).

The only detectable side effect during the experiment was
the reversible and local hardening of the skin at the injection
site of Spn in the neck. The effect was more noticeable for the
mice that were treated with Spn/SA2E with 10 min incubation
between both drugs. During both treatments, no further side
effects were observed. This is in accordance with earlier
studies where the combination Spn/SA2E induced only
reversible moderate side effects, as displayed by kinetic studies

Figure 1 Cytotoxic effects of 3H-Spn alone and combined with SE on HER14 cells. The cells were incubated for 48 h (A) in the presence of
varying concentrations of 3H-Spn and (B) with either 1.5 mg/mL 3H-Spn or unlabelled Spn, and varying concentrations of SE applied 5 min after
Spn, or with SE alone. Living cells were quantified by their ability to cleave fluorescein diacetate. Relative cell survival was calculated as the
number of living cells after treatment in relation to (A) untreated cells and (B) cells treated only with 3H-Spn, Spn without SE or untreated cells.
Error bars indicate the SEM of n independent experiments performed in triplicate (n = 4 for 3H-Spn toxicity, n = 3 for 3H-Spn/SE and Spn/SE,
and n = 5 for SE). SE, chimeric toxins containing saporin and epidermal growth factor; Spn, Saponinum album from Gypsophila paniculata L.
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Figure 2 Biodistribution of 3H-Spn in mice. 3H-Spn was injected s.c. in the neck of BALB/c mice with tumours at the flank (A and B) and mice
without tumours (C and D). Values were determined after several time points (5–240 min) in the blood, urine and tissues, as shown. The organs
were homogenized, and the radioactivity in the samples was measured by liquid scintillation counting. Panels (B) and (D) show the same
organ-specific radioactivity as (A) and (C) but on an expanded scale. Values shown are means from two mice at each sampling time. Spn,
Saponinum album from Gypsophila paniculata L.

Figure 3 Analysis of [3H]-Spn in the urine of mice by HPTLC. Four
urine samples from mice without tumours collected 5 min, 10 min
(two samples) and 60 min after 3H-Spn injection were analysed by
HPTLC. The radioactivity of the application spot and of the area
where Spn migrated on the silica gel glass plate was analysed by
liquid scintillation counting. The error bars on the data represent the
variation in the HPTLC assay carried out in triplicate. HPTLC, high-
performance, thin-layer chromatography; Spn, Saponinum album
from Gypsophila paniculata L.

Figure 4 Effects on tumour volume of treatment (s.c.) with Spn/
SA2E with 10 min interval between injections (n = 9), Spn/SA2E with
60 min interval between injections (n = 9) and sham-treated BALB/c
mice (n = 9). Each group was treated six times with the indicated
drugs, beginning on day 6 and continuing twice per week, and the
experiment ended on day 27. Only mice with developing tumours
were used for the experiment. Tumour volume (shown as means �
SD) was calculated, assuming a spheroid. * indicates significantly (P <
0.05) reduced tumour volume in comparison with the sham-treated
mice. Spn, Saponinum album from Gypsophila paniculata L.
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on blood plasma parameters (Bachran et al., 2009). One
mouse of each group was not included in the evaluation, as
the mice had to be removed from the experiment or died early
without any obvious signs during the experiment.

Discussion

Tumour therapy with saponins is a well-studied field in bio-
medicine. Various saponins were tested for their antiprolifera-
tive properties, and several saponins induced satisfactory
tumour growth inhibition. The field is rapidly growing
because several new saponins were isolated and tested for
their antitumourigenic potential. In some studies, saponins
were combined with conventional chemotherapeutic agents
or with radiation to drastically increase their effects on
tumour growth (Wang et al., 2008a,b). Nevertheless, espe-
cially for those saponins that are intensively studied in rela-
tion to tumour therapy, insights into their mode of action on
the cellular and molecular level will lead to a better under-
standing of saponins in tumour therapy (see Bachran et al.,
2008a).

In a recent study, the ginsenoside Rg3 increased the post-
operative 3-year survival in non-small cell lung cancer
patients with tumours positive for vascular epithelial growth
factor, both alone and in combination with a complex che-
motherapy regimen, while chemotherapy alone did not (Lu
et al., 2008). Another saponin, magnesium isoglycyrrhizinate,
is a potential treatment for hepatitis and in HIV therapy. In a
phase I study for this saponin (Sun et al., 2007), the com-
pound was well tolerated and induced no side effects in the
applied doses of 300 mg in a single dose or 100 mg in mul-
tiple doses. Given i.v., the half-life was in the range of 24 h. In
earlier experiments in rats, its stereoisomer magnesium gly-
cyrrhizinate was injected i.v. and demonstrated accumulation
in the liver (Hu et al., 2003). This result is in contrast to our
results obtained in the present study, as Spn showed no accu-
mulation in any organ, and the results demonstrated a rapid
distribution of 3H-Spn within minutes throughout the body.
Only traces of 3H-Spn were detected in the blood, while the
majority was found in the urine. We conclude that Spn was
removed immediately from the blood when it passes the
kidneys. A weak retention of 3H-Spn was observed in the
organs. A further difference between the two saponins is their
toxicity. While the median lethal dose (LD50) of magnesium
isoglycyrrhizinate in mice after i.v. injection is 685 mg·kg-1

(Sun et al., 2007), the LD50 of Spn is in the range of 11 mg·kg-1

(Bachran et al., 2009). Due to the structural differences
between Spn and magnesium isoglycyrrhizinate, the proper-
ties of the saponins are drastically different.

The successful labelling of Spn was essential for this study.
Labelling was difficult because Spn does not possess many
suitable residues for chemical coupling. Furthermore, the
aldehyde group of the aglycone has to be preserved to retain
the function of Spn (Bachran et al., 2006). Metabolic label-
ling would guarantee retained function but is too laborious.
The use of other labels (e.g. fluorescent dyes) is not advis-
able, as the bulky dyes would very likely interfere with the
binding properties of Spn, while 3H-acetyl labelling of the
sugar residues retained the activity of Spn in vitro (Weng

et al., 2009b). However, continuous measurements of the dis-
tribution in vivo are not possible, as 3H has to be measured by
liquid scintillation counting. On the basis of our results of
the kinetics of Spn distribution in mice, we expected an
increased tumour inhibition by SA2E when it was applied
10 min instead of 60 min, after Spn injection. As we already
achieved a 94% reduction in tumour growth when SA2E was
applied 60 min after Spn (Bachran et al., 2009), we used here
a less-than-optimal regimen (later onset of treatment,
extended treatment intervals) to better detect a gain in effi-
cacy when SA2E was applied 10 min after Spn. Surprisingly,
in spite of a higher level of 3H-Spn in the tumours and in the
tissues at 10 min after injection of Spn, the effects of the
subsequent injection of SA2E were reduced; that is, tumours
were not significantly inhibited. There was more and signifi-
cant tumour inhibition with 60-min interval between the
injection of Spn in the neck and that of the CT, SA2E in the
flank. It would appear that the overall increased saponin
concentration in the mice 10 min after Spn injection actu-
ally decreased the antitumour effect of the combination. It is
known that SA2E is, to a certain degree, internalized into
non-target cells and tissues due to non-specific uptake, that
is, not mediated by ErbB1 (Heisler et al., 2003). Spn also
increased this non-specific uptake but less than the increase
in ErbB1-specific uptake, about sevenfold higher (Bachran
et al., 2006). Nevertheless, the ErbB1-non-specific uptake of
SA2E by non-target tissue is higher when the Spn concen-
tration is higher and, thus, may result in less SA2E in the
vicinity of the tumour. This idea is supported by the obser-
vation of increased hardening of the skin at the neck in
those mice with only 10-min interval between the injection
of Spn and SA2E. The high local dose of Spn may result in
this increased side effect by the non-specific action of Spn/
SA2E. It thus appears that a very low systemic concentration
of Spn is better able to show the synergy in antitumour
activity. This is in agreement with cell culture experiments,
revealing that the Spn concentration required for the syner-
gistic effect is below toxic and permeabilizing concentrations
(Hebestreit et al., 2006). Another possible explanation for the
reduced efficacy of the treatment with only 10-min interval
between Spn and SA2E injections, is that a critical Spn con-
centration in the target cell membrane is required to exhibit
Spn-mediated increased cytotoxicity. Although the amount
of saponin in several organs was higher after 10 min than
after 60 min, it may take up to 60 min to reach the critical
concentration in the membrane. Further experiments are
necessary to expose the mechanisms underlying the
decreased antitumour effect of the 10 min interval
between Spn and SA2E. The reduction in tumour growth
with SA2E applied 60 min after Spn was 66% and, thus, less
than the 94% described previously (Bachran et al., 2009).
This can be attributed to the suboptimal treatment regimen
used in the present experiments, for the reasons explained
above.

The biodistribution data provide valuable background
information for future work on the combination of saponins,
from Gypsophila paniculata L. or other sources, with CTs for
targeted tumour therapy. Differences in the disposition of Spn
could crucially affect the efficacy of Spn–CT combinations in
different models and in human patients.
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