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ABSTRACT

The effect of the administration of large amounts of green tea polyphenols is a matter of controversy. We ex-
plored whether a polyphenol mixture from a concentrated green tea extract (Polyphenon 60) could alter the ef-
fects on mice of the type 2 (two chains) ribosome-inactivating protein nigrin b isolated from Sambucus nigra L.
Nigrin b triggers specific reversible toxic effects on the mouse intestines featured by apoptosis of mice Lie-
berkihn crypt cells upon parenteral administration of sub-lethal amounts. Independent administration to mice
of 30 mg/kg body weight of Polyphenon 60 by oral gavage or 10 mg/kg body weight of nigrin b administered via
the intraperitoneal route (i.p.) did not affect survival. In contrast, the simultaneous treatment greatly enhanced
nigrin b toxicity leading to the death of some animals. The histological analysis revealed that the most serious
injury was inflicted on the small intestine crypts, which disappeared, and on the liver, which evidenced hepato-
toxicity showing haemorrhagic areas. These findings raise concerns about the abuse of high concentrations of
green tea polyphenols especially when the intestinal mucosa is damaged, for instance by toxins or therapeutic
drugs.
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1. Introduction widely studied compound [1]. Among the standardized
preparations enriched in polyphenols is Polyphenon 60,
which has been used in studies on inflammation-related
colon carcinogenesis in mice [4] and in studies of cate-
chin pharmacokinetics in healthy human beings [5]. The
combination of epigallocatechin gallate and sulindac
significantly enhanced apoptosis in rat colon, reducing
the aberrant crypt foci [6]. Despite these positive effects,
administration of concentrated green tea extracts has
been shown to trigger certain adverse effects that rise
concerns from a food safety point of view [7-9].

“Corresponding author. Plant ribosome-inactivating proteins (RIPs) are wide-

The benefits of green tea polyphenols (GTP) consump-
tion have been scientifically established. GTP are a sour-
ce of valuable phytochemical compounds whose con-
sumption may improve health and constitute a protection
factor against some pathologies, especially cardiovascu-
lar disorders and cancer [1-2]. Green tea polyphenol ca-
techins seem to be highly active molecules acting as pro-
oxidant [3], antioxidant [2], anti-inflammatory [4] and
anticancer [5] agents. Epigallocatechin gallate is the most
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spread throughout the plant kingdom [10,11] and are also
present in fungi [12]. It is believed that they belong to the
plant defence system against insects, viruses and fungi
[13-15]. Interest in RIPs derives from their use in anti-
cancer immunotoxins and conjugate preparations [16-
18]. Among these proteins are nigrin from elderberry
(Sambucus nigra L.) [19] and ebulin from dwarf elder
(Sambucus ebulus L.) [20]. Administering large amounts
of nigrin b caused serious intestinal derangement that at
high concentrations might lead to death [21]. In a previ-
ous light microscopy histological analysis, we reported
that mice treated with sub-lethal doses of nigrin b re-
vealed severe alteration of small intestine stem cells and
transit-amplifying compartment (TAC) present in the
crypts, displaying apoptotic-like morphology, including
cell shrinkage and increased cytoplasmic eosinophilia.
However, Paneth cells, which are located underneath
TAC in the crypts, seemed to be spared [19,22]. A recent
report from our laboratory used sub-lethal nigrin b ad-
ministration to mice as a model for the study of vitamin
B6 uptake [23]. The objective of the present research was
to investigate whether administering GTP to nigrin b-
injured mice would affect the damaging action of sub-
lethal nigrin b on the mouse intestinal mucosa, and the
survival of the animals.

2. Materials and Methods
2.1. Chemicals

Polyphenon 60 preparation obtained from Sigma-Aldrich
Quimica S.A. (Tres Cantos, Spain) was used as green tea
polyphenols mixture. Polyphenon 60 contains the fol-
lowing composition (%): (-) epigallocatechin (EGC),
21.0; (-) epicatechin (EC), 7.3; (-) epigallocatechin gal-
late (EGCG), 29.2 and (-) epicatechin gallate (ECG), 7.9
[24]. Polyphenon 60 was prepared freshly in water. All
other biochemical reagents were of the highest grade
commercially available. Isofluorane was obtained from
Laboratorios Dr. Esteve S.A. (Barcelona, Spain). Histo-
logical reagents were obtained as reported earlier [22].

2.2. Nigrin b Preparation

Highly purified nigrin b was prepared from elderberry
bark by the affinity chromatography procedure to ensure
the maximal activity as described elsewhere [25]. Purity
was assessed by sodium dodecyl sulphate polyacryla-
mide gel electrophoresis. Nigrin b was administered as
0.1 mL of a solution containing the indicated amount of
nigrin b in 0.1 M phosphate-buffered saline, pH 7.4.

2.3. Animals and Treatment

28 Swiss female mice (6 weeks old; 28 - 30 g body
weight) obtained from the university facilities were
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housed individually in plastic cages and fed (V1535-000
Ssniff Specialdiaten GmbH) ad libitum with free access
to water under a 12 h light-dark cycle. One group (n =7)
was administered nigrin b by an intraperitoneal injection
of 0.1 mL of a solution containing the indicated amount
of nigrin b in 0.1 M phosphate-buffered saline, pH 7.4. A
second group (n = 7) was treated orally with either 16 or
30 mg/kg body weight of Polyphenon 60 administered as
solution in water with a blunted end needle attached to a
1 mL syringe. A third experimental group (n = 7) was
treated simultaneously with either 16 or 30 mg/kg Poly-
phenon 60 plus 10 mg/kg body weigh i.p. nigrin b. Fi-
nally, a fourth group of animals (n = 7) was untreated
and used as control. Handling of the animals followed
the European Communities Council guidelines (2010/63/
EU) for laboratory animal care and experimentation un-
der the guidelines of the animal facilities of the Univer-
sity of Valladolid. Euthanasia was conducted previous
anaesthesia with isofluorane.

2.4. Histological Analysis

For histological analysis, animals were anaesthetized
with isoflourane and perfused transcardially with 4%
paraformaldehyde in 0.1 M phosphate-buffered saline
(PBS) pH 7.4, processed for paraffin embedding and
stained with haematoxylin-eosin as described elsewhere
[22].

3. Results and Discussion

Oral administration of 16 or 30 mg/kg body weight of
Polyphenon 60 to Swiss female mice had no visible ef-
fects (Figure 1). Likewise, intraperitoneal administration
of 10 mg/kg nigrin did not affect animal survival or trig-
ger apparent and visible damage (Figure 1). In contrast,
oral administration of either 30 or 16 mg/kg Polyphenon
60 to mice treated simultaneously with 10 mg/kg body
weight i.p. nigrin b reduced mice survival of animals
sensitive to the treatment. Animals killed by the com-
bined treatment showed dark areas in some segments of
the small intestine probably by haemorrhage. It was note-
worthy that the higher the Polyphenon 60 concentration
in the combined treatment was, the shorter resulted to be
the period to trigger lethal effects. At the highest concen-
tration of Polyphenon 60 the combined treatment started
to show lethal effects after 3 days, while at the lowest
dose of Polyphenon 60, some animals started to die after
8 days. As we wanted to study only the early toxicity, the
experiments were discontinued after 14 days once ob-
tained a clear idea of the effect.

As shown in Figure 2, histological analysis revealed
that mice treated with oral doses of 30 mg/kg Polyphe-
non 60 evidenced no intestinal derangement and, as in
the control animals, showed well-formed Lieberkihn
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Figure 1. Kaplan Meier plots of the toxicity of nigrin b and
Polyphenon 60 in mice. Groups of animals (n = 7) were
treated simultaneously with 30 (A) or 16 (B) mg/kg body
weight Polyphenon 60 (oral) and 10 mg/kg body weight
nigrin b (i.p.) and the survival was plotted versus days after
treatment (dot-dashed line: Polyphenon 60 alone and nigrin
b alone; continuous line: Polyphenon 60 plus nigrin b).

crypts and villi (Figures 2(A) and (C)). In contrast, after
24 h of intraperitoneal administration of 10 mg/kg nigrin
b, significant but reversible derangement of the small
intestine was apparent, which led to the almost complete
disappearance of the Lieberkiihn crypts (Figure 2(D)). In
this group, the epithelium of the crypts displayed a large
number of dying cells showing apoptotic-like morpholo-
gy including condensation of the chromatin with aggre-
gation in peripheral masses, and ultimate formation of
apoptotic bodies (Figure 2(D)); nevertheless the general
structure of the intestinal villi was normal and their cov-
ering epithelium evidenced only minor shrinkage in the
basal cytoplasm (Figure 2(D)). Simultaneous oral ad-
ministration of 30 mg/kg Polyphenon 60 and intraperito-
neal 10 mg/kg nigrin b revealed that the small intestines
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Figure 2. Histological sections stained with haematoxylin
and eosin of small intestines (A-D) and liver (E-F) in mice
treated with Polyphenon 60 and nigrin b as explained. (A)
control; (B) i.p. 10 mg/kg body weight nigrin plus oral 30
mg/kg body weight Polyphenon 60; (C) oral 30 mg/kg body
weight Polyphenon 60; (D) i.p. 10 mg/kg body weight nig-
rin; (E) and (F) Haemorrhage in the liver of mice treated
with i.p. 10 mg/kg body weight nigrin b and oral 30 mg/kg
body weight Polyphenon 60 simultaneously. Scale bar = 25
pm.

were severely affected (Figure 2(B)), even more so than
with nigrin b alone. Simultaneous administration of both
agents caused almost complete destruction of the small
intestine crypts. The structure of the large intestine was
generally well preserved by that time (data not shown).
Numerous reports highlight the benefits of green tea
consumption [26-28]. However, several detrimental ef-
fects associated to the ingestion of large amounts of
green tea or preparations of green tea enriched with po-
lyphenols have been reported [7,9]. Of particular concern
is the hepatotoxicity presumably resulting from the in-
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gestion of concentrated green tea extracts [8,29-31]. Con-
cerning the mechanism of hepatotoxicity, it is not com-
pletely understood, but some components like catechins
and their gallic acid esters, particularly epigallocatechin-
3-gallate which, under certain conditions such as fasting,
can induce reactive oxygen species formation, and affect
mitochondrial membrane potential [32], are likely to con-
stitute an important part of such effect. A recent pub-
lished review suggest than patterns of liver injury were
hepatocellular in most cases, but cholestasis and a mixed
pattern were also observed. Liver histology examination
revealed inflammatory reactions, cholestasis, occasional
steatosis and necrosis [33]. We therefore investigated the
effects of simultaneously administering nigrin b (i.p.) and
Polyphenon 60 (oral) on liver, lungs and kidney. While
lungs and kidney were slightly congested (data not
shown), the liver showed signs of haemorrhage (Figures
2(E) and (F)). Our results suggest that the apoptotic ac-
tion of nigrin b on the small intestine crypts may be en-
hanced by the proapoptotic effects of polyphenols re-
sulting in an increased rate of cell destruction. In fact, a
synergistic apoptotic action of both sulindac and (-)-epi-
gallocatechin-3-gallate has been reported [6]. The effect
could be exerted through the increase of the plasma
membrane receptor for lectin, which might increase tis-
Sue sensitivity to nigrin b, or alternatively be caused by
polyphenol-dependent amplification of the apoptotic sig-
nals triggered by nigrin b. The present findings support
the emerging belief that consuming large amounts of
polyphenols may promote adverse effects when the in-
testines are injured. Further work will address the poten-
tial apoptotic mechanism of the observed toxic synergy
between both Polyphenon 60 and nigrin b.

4. Conclusion

This study revealed that neither oral administration of
large doses of GTP nor i.p. administration of sub-lethal
nigrin b separately showed an effect on survival of mice.
However, the oral administration of GTP to simulta-
neously nigrin b-treated animals was found to enhance
nigrin b-dependent toxicity in mice, suggesting that GTP
and/or GTP-derived active metabolites potentiate the
derangement promoted by nigrin b on the small intestine
crypt cells. Our results would prove useful for cancer
therapy research that uses polyphenols as driving thera-
peutic drugs or as adjuvant supporting conventional ther-
apy and also raise concerns on the use and abuse of con-
centrated green tea extracts as a food antioxidant sup-
plement, in particular when a simultaneous toxin-driven
tissue derangement occurs.
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