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Abstract

Calendula officinalis flower extracts are used to cure inflammatory and infectious diseases, for wound healing and even cancer

with partial objective evidence of its therapeutic properties or toxic effects, many of which can be attributed to the presence of
flavonols. We studied whether C. officinalis extracts induce unscheduled DNA synthesis (UDS) in rat liver cell cultures, and if these
extracts can reverse diethylnitrosamine (DEN)-induced UDS. Four different flower extracts were prepared: aqueous (AE), aqu-

eous–ethanol (AEE), ethanol (EE) and chloroform (CE). AE and AEE were evaporated to 6.72 and 4.54 mg of solid material per
ml, respectively and final ethanol concentration in AEE was 0.8%. EE and CE were dried and resuspended in dimethyl sulfoxide
(DMSO) to 19.2 and 10 mg of solid material per ml. Ethanol residue of EE was 0.34%. In the UDS assay in liver cell cultures, DEN

at 1.25 mm produced a maximal increase of 40% 3H-thymidine (3HdTT) incorporation, and both, AE and AEE showed complete
reversion of the DEN effect at around 50 ng/ml and between 0.4 to 16 ng/ml, respectively. In the absence of DEN, these two polar
extracts induced UDS at concentrations of 25 mg for AE and 3.7 mg/ml for AEE to 100 mg/ml in rat liver cell cultures. Concentra-

tions producing genotoxic damage were three orders of magnitude above concentrations that conferred total protection against the
DEN effect. Thus, at the lower end, ng/ml concentrations of the two polar extracts AE and AEE conferred total protection against
the DEN effect and at the higher end, g/ml concentrations produced genotoxic effects. These results justify the study of C. officinalis
flower extracts to obtain products with biological activity and to define their genotoxic or chemopreventive properties. # 2002

Elsevier Science Ltd. All rights reserved.
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1. Introduction

The study of compounds of plant origin has generated
great interest in the fields of food and medicine (Barcelo
et al., 1996; Garcı́a-Gasca et al., 1998; Kim et al., 1998).
Many of them have chemopreventive properties and in

principle they could exert an immediate impact in high-
risk cancer populations, since these compounds are
proposed in protocols as preventive and even as ther-
apeutic tools (Yuspa, 2000).
Crude extracts have been used in medicinal research

of natural products, and they have been the source of
many human chemopreventive agents (Hyun et al.,
1987). Many of these compounds are present in the diet,
and a variety of mechanisms have been described for
their chemoprotective properties (Wattenberg, 1992;
Rogers et al., 1993; Guengerich, 1995; Barcelo et al.,
1996). Further description of new chemical substances
with protective or preventive properties against cancer is
a goal emerged from studies of the biological effects of
natural products.
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The antiviral, antitumoral and antimutagenic proper-
ties of Calendula officinalis have been described (Elias et
al., 1990; Pietta et al., 1992; Kalvatchev et al., 1997;
Boucard-Maitre et al., 1988). Nevertheless, a genotoxic
effect has been reported of a 60% hydroalcoholic flower
extract at concentrations from 100 to 1000 g of solids/
ml in the mitotic segregation assay of the heterozygous
diploid D-30 of Aspergillus nidulans (Ramos et al.,
1998), although the same extracts were not mutagenic
in the Ames assay, at concentrations of 50–5000 mg/
plate with Salmonella typhimurium strains TA1535,
TA1537, TA98 and TA100, either with or without the
S9 fraction, and in the mouse bone marrow micro-
nucleus test, doses up to 1 g/kg for 2 days were not
genotoxic either.
The hydroalcoholic C. officinalis extracts contain

saponins, glycosides of sesquiterpene and flavonol gly-
cosides (Yoshikawa et al., 2001). The main flavonols are
iorhamnetin, quercetin and kaempferol (Pietta et al.,
1992), and they have several biological activities,
namely bactericidal, anti-inflammatory, antiviral, anti-
tumoral and antimutagenic (Asad et al., 1998). These
effects suggest that flavonols can act as chemopreventive
agents in cancer through a variety of mechanisms; it has
been reported that they can inhibit mitochondrial suc-
cinoxidase (Hodnick et al., 1986), act as biotrasforma-
tion enzyme modulators (Eaton, 1996; Zhai et al.,
1998), and that they have potent antioxidant properties
(Laughton et al., 1989; Asad et al., 1998). Despite these
benefits, some reports indicate that flavonoids such as
quercetin have pro-oxidant actions and bind to DNA
and degrade it, like the known anticancer drugs bleo-
mycin and duanomycin (Laughton et al., 1989). Fur-
thermore, the same flavonols are genotoxic to
prokaryotic and eukaryotic cells in circumstances
modulated by chemical features, such as pH, high con-
centration, appearance of antioxidants, presence of
transition metals such as Cu2+ and metabolism
(Duarte-Silva et al., 2000).
These controversial results of the genotoxic or anti-

carcinogenic action of flavonoids and of the plant
extracts that contain them, justify the study to clarify
the mechanisms and conditions that mediate their bio-
logical effects before considering them therapeutical
agents. In the UDS assay, a measurement of inducible
DNA repair in rat hepatocyte cultures (Mitchell et al.,
1983; Swierenga et al., 1991), the genotoxic and anti-
genotoxic activity can be studied in parallel, the first,
expressed as an increment of 3HdTT incorporation in
DNA, and the second expressed as a reversion of the
increment of 3HdTT in DNA induced by the known
genotoxic carcinogen, diethylnitrosamine (DEN) (Verna
et al., 1996).
These precedents prompted us to assay C. officinalis

extracts for possible genotoxic or anti-genotoxic prop-
erties in the UDS assay in primary rat liver cell cultures.

2. Material and methods

2.1. Flower gathering

In February 1998, C. officinalis was cultivated in a
patch of 100 m2 at the experimental fields of the Uni-
versidad Nacional Autónoma de México (UNAM).
During the months of May through August, well-devel-
oped flowers were collected, washed with water and
dehydrated in an air forced oven at 60 �C in a dark
room.

2.2. Flower extracts

2.2.1. Aqueous flower extract (AE)
One liter of deionized water was boiled (at Mexico

City altitude), and 15 g of dried flowers were added and
left to stand for 15 min. The extract was sterilized by
filtration through a membrane with pore size 0.22 m,
and at the same time insoluble materials were removed.
One dried aliquot of the filtered extract contained 6.72
mg/ml of solid material.

2.2.2. Aqueous–ethanol flower extract (AEE)
Five g of dried flowers were stirred in 500 ml of 96%

ethanol for 24 h in the dark at room temperature, then
500 ml of deionized water were added and agitated
again for 72 h. Insoluble material was removed by fil-
tration and extract was evaporated to a final volume of
400 ml. This final extract was sterilized by filtration
through a membrane with pore size 0.22 m. Solid con-
centration was 4.54 mg/ml and ethanol concentration
was 0.8%. Alcohol concentration was determined by
gas chromatography HP4890D adapted with a Head-
space Sampler HP7694E.

2.2.3. Ethanol flower extract (EE)
To a liter of absolute ethanol, 15 g of dried flowers

were added and, avoiding light, it was agitated for 72 h.
Insoluble material was removed by filtration and the
extract solvent was distilled under reduced pressure to a
maximal temperature of 60 �C, until almost dry. The
solid material was weighed and dissolved in dimethyl
sulfoxide (DMSO) to a final concentration of 19.2 mg/
ml, with an ethanol residue of 0.34% that was deter-
mined as in AEE.

2.2.4. Chloroform flower extract (CE)
This extract was prepared in the same way as EE, but

with chloroform. Concentration of solids was 10 mg/ml
and in this case chloroform residue was not determined.

2.3. Reagents

Collagenase IV, ethylene glycol-bis (b-amino ethyl
ether) N,N,N

0

N0-tetraacetic acid (EGTA), phenol red,
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hydroxyurea (HU), diethylnitrosamine (DEN) and
Tris–HCl were obtained from Sigma Chemical Co.
DMSO, perchloric acid (PCA) and most of the salts
used were from Merck Co. The media and culture
reagents were obtained from Gibco BRL. Calf serum
was from HyClone Laboratories. Tritiated deox-
ythymidine 3HdTTP was obtained from Amersham Life
Sciences. KCl, NaCl, Na2HPO4, Trizma base and CaCl2
were purchased from J. T. Baker. Insulin (U-100) was
from Lilly.

2.4. UDS assay in primary hepatocyte culture

Hepatocytes were isolated from male Wistar rats
(180–200 g) by the collagenase perfusion method as
previously described (Mendoza-Figueroa et al., 1979)
and three replicates of 8�105 cells were seeded onto 35-
mm culture dishes. Cells were cultured in Eagle’s med-
ium modified by Dulbecco-Vogt and supplemented with
7% fetal bovine serum and 5 g insulin/ml and placed in
a 37 �C humidified incubator in atmosphere of 90% air/
10% CO2.
After 2 h, detached cells were washed out; the dishes

were refilled with 1 ml of fresh medium containing 10
mm of a DNA replication inhibitor, HU and incubated
for 1 h. The medium was removed and 1 ml of serum-
free medium containing 10 mm HU, 5 Ci of 3HdTTP and
10 ml of DMSO were added. DEN was dispensed to
final concentrations of 0.625–10 mm per dish. Finally,
different concentrations of the four C. officinalis extracts
were dispensed from 0.2 ng up to 100 mg per dish. Con-
trol dishes received the vehicle of the corresponding
extract. Hepatocytes were cultured for 4 h.
Cells were processed according to Mendoza-Figueroa

et al. (1979) and after 4 h of incubation hepatocytes
were harvested. To account for variation in the number
of cells between dishes, results were normalized as a
function of DNA concentration. For this purpose DNA
hydrolysate was obtained as in Leyva and Kelly (1974).
Dishes were washed three times with saline solution,
cells detached with a rubber policeman, collected and
centrifuged in a total volume of 0.8 ml of saline during 5
min at 10,000 rpm. Supernatants were discarded and
pellets resuspended in ice-cold, 0.35 ml of 0.01 m Tris–
HCl, pH 7.4, and frozen and thawed twice. The lysate
was centrifuged at 10,000 rpm for 10 min. The super-
natant was removed and the pellet resuspended in 0.35
ml of 0.01 m Tris–HCl, with 0.05 ml of albumin solu-
tion, 1 mg/ml. After 30 min in ice, an equal volume of
0.4 m PCA was added and left in the cold for 30 min.
Tubes were centrifuged 5 min at 10,000 rpm. The
supernatant was discarded and the pellet resuspended in
0.33 ml of 1 m PCA. The suspension was kept at 70 �C
for 30 min and centrifuged for 5 min at 10,000 rpm. The
supernatant was divided in two: one 0.06-ml aliquot for
DNA determination by the diphenylamine method

described by Burton (1956) and another 0.25-ml aliquot
which was placed in a plastic vial containing 3 ml of
Insta-gel (Packard Instrument Co., Inc. Downers
Grove, IL, USA). Incorporation of tritiated thymidine
in dpm per mg DNA was determined and results were
expressed as percent of control incorporation. Differ-
ences in the mean of 3HdTT incorporation for each
treatment were analyzed by Student’s t-test and statis-
tical significance defined as P40.05.

3. Results

Analysis of the spectra of four C. officinalis extracts in
the UV range showed that the aqueous (AE) and aqu-
eous–ethanol (AEE) extract gave typical spectra of fla-
vonols, with two absorbing bands at 255 nm and at 335
nm (Markham, 1982) (Fig. 1). Genotoxicity was eval-
uated in primary rat liver cultures treated with extracts.
Only the polar extracts AE and AEE, at high con-
centration, from 50 and 3.7 mg/ml, respectively, to 100
mg/ml, induced dose–response DNA repair as an incor-
poration of 3HdTT to DNA, approximately 40% above
the control value (Fig. 2); in contrast, at low con-
centrations of approximately 0.8 mg/ml, AE showed
incorporation of 3HdTT below control values. To
determine the anti-genotoxic properties of the extracts,
a DEN dose–response curve in rat liver cell cultures was
assayed. As shown in Fig. 3, the response of the liver
cell cultures to different concentrations of DEN

Fig. 1. UV spectra ofC. officinalis flower extracts. Concentration of four

extracts, AE=aqueous, AEE=aqueous–ethanol, EE=ethanol and

CE=chloroform was adjusted to 225 mg of solid material per ml of sol-
vent. AE and AEE were dissolved in water and EE and CE in DMSO.

Extract solutions were adjusted with their respective solvents. These

solutions did not absorb at wavelengths between 400 and 800 nm.
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increased proportionally until the dose was 1.25 mm,
when maximal UDS effects occurred and produced a 3H
dTT incorporation 40% above control values. Taking
into account the results of UDS, 1.25 mm DEN was used
to test extract anti-genotoxicity. Fig. 4 indicates the
anti-genotoxic effect of the C. officinalis flower extracts;
here again the extracts obtained with polar solvents AE
and AEE are the active extracts. The AEE protects 70%
of the DEN genotoxic damage even at 0.2 ng/ml, and
this protection is maintained up to 0.2 mg/ml, and at
approximately 0.4 ng/ml the reversion of DEN-induced
UDS is complete. A similar effect is observed with the
aqueous extract; it is anti-genotoxic at low concentra-
tion and approximately at 0.05 mg/ml, DEN-induced
genotoxicity is abolished. Likewise, ethanol extracts
showed a similar effect approximately at the same con-
centration; however, differences with respect to DEN-
treated values are not statistically significant. The
chloroform extract had slight anti-genotoxic activity at
6.25 and 50 mg/ml. The striking features shown in
Figs. 2 and 4 are: (a) ethanol or chloroform extracts are
not genotoxic even at concentrations of 50 mg of solid
material per ml and they partially protect liver cells of
DEN-induced UDS; (b) aqueous or AEE extracts, at
ng of solid material per ml concentrations, protect
completely against DEN-induced UDS; however,

Fig. 2. Evaluation of the genotoxic effects of C. officinalis flower extracts on primary rat liver cell cultures. 35 mm-culture dishes were added with

8�105 hepatocytes. They were incubated for 1 h with 10 mm hydroxyurea (HU). The medium was removed and 1 ml of a serum free-medium con-

taining 10 mm HU, 5 Ci of 3HdTT and different concentrations of a given flower extract in 10 ml of DMSO were added and incubated for 4 h.

Incorporation of 3HdTT was estimated as dpm/g of DNA and results are expressed as percent of control samples. Each concentration was assayed

by triplicate, mean�S.D. significantly different from control sample values are shown. P40.05*, 0.01f and 0.005**.

Fig. 3. Evaluation of DEN genotoxic effect on primary rat liver cell

cultures. 35 mm-culture dishes were added with 8�105 hepatocytes.

They were incubated for 1 h with 10 mm HU. The medium was

removed and 1 ml of a serum-free medium containing 10 mm HU, 5

mCi of 3HdTT and 10 ml of DMSO and different concentrations of

DEN were added and incubated for 4 h. Incorporation of 3HdTT was

estimated as dpm/mg of DNA and results are expressed as percent of

control samples. Each concentration was assayed by triplicate,

mean�S.D. significantly different from control sample values are

shown. P40.05 *, 0.01f and 0.005**.
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concentrations three orders of magnitude higher are
genotoxic.

4. Discussion

Epidemiological studies have shown that frequent
consumption of fruits and vegetables is associated with
low risks of various cancers (Wattenberg, 1992). This
protective effect has been attributed in part to flavo-
noids, through modulation of several enzymes of the
P450 family involved in precarcinogen metabolism
(Zhai et al., 1998). The hydroalcoholic extracts of C.
officinalis contain saponins, triterpenes and flavonols;
for this reason, it is not surprising that extracts of this
polyphenolic plant have been used for multiple medic-
inal purposes in folk therapy (Ramos et al., 1998),
included as antitumorals (Boucaud-Maitre et al., 1988).
We found that polar aqueous and aqueous-ethanol C.
officinalis flower extracts at nanogram (ng/ml) con-
centrations are capable of protecting against the geno-
toxic effects of the known carcinogen DEN. We propose
that this effect is caused by flavonols. Congruent with
this assumption is that our two polar extracts showed
the typical spectra of flavonols and these compounds

have been isolated from hydroalcoholic extracts (Pietta
et al., 1992). Evaluation of the putative genotoxicity of
extracts without DEN showed that the same extracts at
microgram (mg/ml) concentrations; three orders of
magnitude above the protective concentration were, in
fact, genotoxic. Similar controversial effects have been
shown in flavonols such as quercetin, which acts as an
antioxidant and at higher concentrations can act as pro-
oxidant (Laughton et al., 1989). Duarte-Silva et al.
(2000), found that flavonols with a structure similar to
quercetin are genotoxic to prokaryotic and eukaryotic
cells and this depends on their auto-oxidative ability
that is promoted by alkaline pH and by the metabolic
system. Altogether, these results indicate that the active
compounds of the C. officinalis polar extracts are flavo-
nols; however, we cannot exclude a possible synergistic
or antagonistic effect of flavonols with other com-
pounds in the extracts. It would be interesting to verify
the protective effects of extracts in a more complex
assay such as the inhibition of preneoplastic nodule
induction in some model of hepatocarcinogenesis, as
has been done with other plant extracts (Ramı́rez-Mares
et al., 1999). In short, our results show a clear anti-gen-
otoxic effect at low concentrations of two C. officinalis
extracts that contain flavonols, and genotoxic effects of

Fig. 4. Evaluation of anti-genotoxic effects of C. officinalis flower extracts on primary rat liver cell cultures treated with DEN. 35 mm-culture dishes

were added with 8�105 hepatocytes. They were incubated for 1 h with 10 mm HU. The medium was removed and 1 ml of a serum-free medium

containing 10 mm HU, 5 Ci of 3HdTT, DEN to a final concentration of 1.25 mm and different concentrations of a given flower extract in 10 ml of
DMSO were added and incubated for 4 h. Incorporation of 3HdTT was estimated as dpm/mg of DNA and results are expressed as percent of con-

trol. The dotted line represents thymidine incorporation induced by 1.25 mm DEN. Each concentration was assayed by triplicate, mean�S.D. sig-

nificantly different from DEN sample value are shown. P40.05*, 0.01f and 0.005**. As indicated, DEN values are significantly different from

control values as shown. P40.05 (*), 0.01(f) and 0.005(**).
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the same extracts at high concentrations. These opposite
effects at different extract concentrations is a feature
that should be defined to consider plant polyphenols as
therapeutic agents.
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