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Abstract In experiments using the rena carcinogen ferric
nitrilotriacetate (Fe-NTA) in mae ddY mice, primary
pulmonary cancers were aso induced in bronchiolar
and alveolar tissues. 4-Hydroxy-2-nonena (4-HNE) and
8-hydroxy-2’'-deoxyguanosine (8-OHdG), products of
oxidative processes, increased in bronchiolar and aveolar
cells after administration of Fe-NTA. These substances
disappeared after oral administration of propolis or
artepillin C, as shown histochemically, and correlated
with an anticancer prophylactic effect of propolis and
artepillin C. From our investigation, lipid peroxidation
seems to play an important role in pulmonary carcino-
genesis. Malignant progression from adenoma of bron-
chiolar or aveolar origin to malignant tumors has been
proposed to involve a stepwise transformation. In our
study, adenomas developed into adenocarcinomas and
large cell carcinomas after treatment with Fe-NTA. In
contrast, after oral administration of propolis or artepillin
C, adenomas did not progress to carcinomas. Instead
of developing into large cell cancers, as induced by
Fe-NTA in control mice, adenomas showed remarkable
proliferation of macrophages and local anti-oxidant
activity after treatment with either propolis or artepillin C.
Propolis and artepillin C therefore appear to inhibit lipid
peroxidation and the devel opment of pulmonary cancers.
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Introduction

In an effort to better understand carcinogenesis in human
tissues, investigators have developed animal models of
the disease and have applied a variety of agents to
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prevent carcinogenesis. Several studies concerning the
development of mouse lung adenomas [2, 9, 11, 12, 13,
27, 42] have revealed two magjor histologic types of
cancers, one with aveolar and the second with bronchiolar
or papillary characteristics. Determination of the origin
of these cancers, from alveolar or bronchiolar epithelia,
is largely resolved using the electron microscopic identifi-
cation of alveolar type-ll cells in adenomas [4, 6, 26,
39]. Biochemical studies on phospholipid synthesis in
adenomas have shown similarities to type-ll cells [28,
43]. Thus, the origin of histologically different types of
cancers from alveolar epithelium became widely accepted
[41]. Kennedy et al. [21] showed that the first experi-
mentally produced cancerous Clara cells share some
features in common, but they are distinct ultrastructurally
and histochemically [8, 16, 19, 20]. Clara cell hyperplasia
has been induced in mice by chronic exposure to
urethane [44] and produced in rats by repeated exposure
to 4-nitroquinoline-1-oxide [31]. Thus, there is ample
evidence that Clara cells are capable of both hyperplastic
and neoplastic conversion [38].

Injection of iron-chelated nitrilotriacetate (Fe-NTA)
causes severe acute and renal proximal tubular necrosis
through Fe-induced free radical chemistry [18, 34, 35].
Eventually, the chemical induces renal cancers in rats
and mice that survive nephrotoxicity [14, 15, 33, 35, 46,
51]. In a recent study, we examined the induction of
renal cancer by Fe-NTA and found that carcinogenesis of
the renal proximal tubular epithelium was induced by
oxidative damage and was followed by renal carcinoma
[25]. In the same experiments, propolis, a product of
bees, and artepillin C, a component of propoalis, exhibited
inhibitory effects on renal carcinogenesis as a result of
their oxyradical scavenging properties. We have noticed
that mice given Fe-NTA also developed signs of neo-
plastic tissues in the lungs. Investigations revealed that
these were primary lung cancers, that they were originating
from alveolar and bronchiolar cells, and that they were
not metastasis of rena origin. Histological and histo-
chemical analysis showed that carcinogenesis in the
lungs significantly correlated with the extent of pulmo-
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nary lipid peroxidation. Oral administration of either
propolis or artepillin C protected the tissues from oxidative
damage and inhibited carcinogenesis in the mice. Thisis
the first report showing that Fe-NTA, a known renal
carcinogen, can aso produce tumors of the lungs and
that its carcinogenic effects in multiple organs can be
inhibited by propolis and artepillin C.

Materials and methods

Chemicals

NTA disodium salt and 2,6-di-tert-butyl-p-cresol were purchased
from Nacala Tesgue (Kyoto, Japan). 4-Hydroxy-2-nonenal
(4-HNE) modified protein and 8-hydroxy-2'-deoxyguanosine
(8-OHdG) antibody were purchased from Nikken Food Co., Ltd.
(Shizuoka, Japan). Proliferating cell nuclear antigen (PCNA,
PC10) antibody was purchased from Santa Cruz Biotechnology
Inc. (Cdlif.). Thyroid transcription factor-1 (TTF-1) antibody,
peroxidase-conjugated rabbit anti-mouse immunoglobulins, and
ABC complex (avidin and biotinylate peroxidase) were purchased
from Dako (Glostrup, Denmark). All other chemicals used in this
study were purchased from Wako Fine Chemicals (Osaka, Japan).
Fe-NTA was prepared immediately before use by the method
of Awai et a. [3]. Briefly, ferric nitrate and NTA disodium salt
were both dissolved in deionized water. These were mixed at a
molar ratio of 1:4 at room temperature, and the pH was adjusted to
7.4 with sodium bicarbonate. Artepillin C was extracted from
Brazilian propolis according to Aga's method [1]. The chemical
name of artepillin C is 3-[4-hydroxy-3, 5-bis (3-methyl-2-butenyl)
phenyl]-2-propenoic acid, but it is commonly referred to as 3,5-
diprenyl-4-hydroxycinnamic acid. The chemical formula of art-
epillin Cis C;9H,,05, and its molecular weight is 300.40. Because
artepillin C goes poorly into solution in water and, since the art-
epillin C used in this investigation was to be used in solution, the
substance was first dissolved in 1 ml of absolute ethanol and then
diluted with distilled water. The liquid form of Brazilian propolis
used in this study was in solution in ethanol and contained water-
soluble levels of artepillin C, flavonoids, and prenylcaffeic acid.

Animals

Male ddY mice were purchased from Japan SLC Inc. (Shizuoka,
Japan) and kept under quarantine for 1 week before starting the
experiments. The animals were maintained on a diet of commercial
mouse chow (Oriental Yeast Co., Tokyo, Japan) and tap water ad
libitum.

Evidence of carcinogenesis
Experiment 1

The mice were divided into four groups. These were untreated,
treated with propolis at 1.0 mg/mouse, treated with artepillin C at
100 pg/mouse, or treated with 5% ethanol (vehicle only) asthe art-
epillin C control group. Animals of al four groups were injected
with Fe-NTA at a dose of 10 mg of Fe/kg per day, i.p. twice per
week for 8 weeks. Samples were given to the mice twice per day
(5 days/week) throughout the experiment. All surviving animals
were sacrificed under ether anesthesia 12 months after the last
FeNTA treatment.

Experiment 2

Four-week-old male ddY mice were used to confirm the results in
experiment 1. Mice were divided into four groups. These were
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Fig. 1 Administration protocol for the induction of acute nephro-
toxicity (a) and carcinogenesis (b). a Ferric nitrilotriacetate
(FeNTA) (1), 7 mg Felkg were given by means of i.p. injection;
propolis or artepillin C were administered by means of gastric
intubation (V). Mice were sacrificed 1 h after Fe-NTA injection or
treatment, and levels of thiobarbituric acid-reactive substances
(TBARS) were measured (A). b Fe-NTA(1), 10 mg Fe/lkg was
given by means of i.p. injection. In experiment 1, EtOH-water,
propoalis, and artepillin C were given orally throughout the experi-
ment. In experiment 2, EtOH-water and propolis were given in
drinking water, and olive oil and artepillin C were given orally
throughout the experiment. Mice were sacrificed 12 months after
the final Fe-NTA injection

treated with propolis (1.0 mg/mouse) in 1% ethanol or 1% ethanol
only as its control group, and treated with artepillin C at
350 pg/mouse or olive ail as its control group. All animals were
injected with Fe-NTA at a dose of 10 mg of Fe/kg per day, i.p.
twice per week for 8 weeks. Propolis in 1% ethanol was given to
the mice for 5 days per week, and artepillin C in olive oil was given
to the mice twice per day (5 days/week) throughout the experiment.
All surviving animals were sacrificed under ether anesthesia
12 months after the last Fe-NTA treatment. Lungs were horizon-
tally sectioned and fixed in 10% phosphate-buffered formalin and
embedded in paraffin. These were stained with periodic acid-
Schiff reagent (PAS), Berlin blue, and hematoxylin and eosin
(H&E) staining.

Acute toxicity

Eight-week-old male ddY mice were used in these experiments.
The mice were given propolis (1.0 mg/mouse in 1% ethanol) or
artepillin C (100 pg/mouse in 1% ethanol) by the oral route at 2 h
or 5 h before i.p. injection of Fe-NTA at a dose of 7 mg Fe/kg
(Fig. 1a). This schedule had been shown to protect mice from
renal toxicity induced by Fe-NTA [25]. From the results of absorption
of artepillin C, the maximal absorption in the organs was found to
be 6 h after oral administration. Therefore, in this experiment,
propolis and artepillin C were administered 2 h or 5 h before
injecting Fe-NTA. The mice were sacrificed under anesthesia 1 h
after injecting Fe-NTA. A lobe from the lung was removed and
chilled in ice-cold physiological saline, and homogenized in
1.15% KCI for the measurement of thiobarbituric acid-reactive
substances (TBARSS). Levels of TBARSs were determined using
the fluorimetric method of Ohkawa et al. [32]. Another lobe from
the lung was rinsed with cold phosphate-buffered saline (PBS),
quickly frozen, and stored at -80°C. Samples were treated with
cold Schiff’s reagent according to the method of Pompella et al.
for histochemical determination of peroxidation [37]. Another
lobe of the lung was fixed in Bouin's solution and embedded in
paraffin for immunohistochemistry, PAS, and H& E staining.



Table 1 Incidence of tumors in male ddY mice injected with
FeNTA aone or in mice receiving Fe-NTA with either propolis or
artepillin C pre-treatment. In experiment 1, 5% EtOH was admin-
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istered as the control vehicle for both propolis and artepillin C. In
experiment 2, 1% EtOH solution and olive oil were administered
as the control vehicles for propolis and artepillin C, respectively

Treatment group Assigned Surviving throughout Number of mice with lung disorder
Adenoma Adenocarcinoma

Experiment 1

Untreated 7 7 1 0

Fe-NTA-treated

5% EtOH 13 4 1 2

Propolis 13 102 3 0

Artepillin C 12 6 2 0

Experiment 2

Fe-NTA-treated

1% EtOH 12 8 1 4

Propolis 12 9 1 op

Oliveoil 12 9 1 4

Artepillin C 12 6 2 0c

a Significant difference from the 5% EtOH group by Fisher’s exact
probability test (P<0.05)
b Significant difference from the 1% EtOH group by Fisher’s exact
probability test (P<0.05)

Immunohistochemistry

The indirect method for immunohistochemistry was used to deter-
mine 4-HNE, 8-OHdG, and PCNA. After deparaffinization with
xylene and ethanol, incubation in 3% hydrogen peroxide in PBS
was applied for the inhibition of endogenous peroxidase. After
these procedures, sections on dlides were stained with normal
rabbit serum for the inhibition of non-specific binding of secondary
antibody, partialy purified mouse antibody against 4-HNE-modified
proteins (0.5-2.0 pg/ml) [5, 36, 47, 49, 52], 8-OHdAG (10 pg/ml)
[10, 36, 40, 48, 50], or PCNA (0.4 pg/ml) according to standard
procedures. Peroxidase-conjugated rabbit anti-mouse immuno-
globulins were then applied to the sections. Control normal rabbit
serum instead of antibodies against either 4-HNE-modified pro-
teins or 8-OHAG formation in DNA showed only weak positivity.
The ABC method for immunohistochemistry was used for detecting
TTF-1 staining [17]. A rabbit polyclonal antiserum against thryo-
globulin at an appropriate dilution was used to stain paraffin
sections after these were pretreated in a pressure cooker. Sections
were then treated sequentially with biotinylated anti-rabbit immuno-
globulin (1g)G, ABC complex, and dimethylaminoazobenzene.

Statistical analysis
Statistical analysis was carried out using the Student’s t-test for

differences in the levels of TBARSs and the Fischer’s exact test
for differences in tumor incidences.

Results
Carcinogenesis

Table 1 shows the incidence of Fe-NTA-induced adenomas
and adenocarcinomas in untreated or treated mice and
their survival in two experiments. A high incidence of
lung adenocarcinomas in mice injected with Fe-NTA
was observed 1 year later in the animals that survived
nephrotoxicity. However, the mice administered low
doses of propolis or artepillin C orally appeared to enjoy

¢ Significant difference from the olive oil group by Fisher’'s exact
probability test (P<0.05)

partial protection from developing malignant cancers in
experiment 1. To confirm our results, we performed
experiment 2, where we treated the mice with higher
doses of artepillin C. In this experiment, a significant
protection from the development or progression of
adenomas to adenocarcinomas was observed in mice
treated with propolis or artepillin C (P<0.05, Fisher's
test). Although four of eight surviving mice (50%) treated
with Fe-NTA and vehicle developed adenocarcinomas in
two experimental control groups, none of the treated
mice devel oped adenocarcinomas.

Histological findings

In the precancerous stages (Fig. 2), hyperplasia of aci-
dophilic non-ciliated cells (Clara cells) and aveolar
duct cells was observed after Fe-NTA treatment. Hyper-
plasia involving the bronchiolar epithelial and alveolar
cells was observed in the alveolar septa with continuous
slight occlusion of the blood vessels. Hyperplasia of
alveolar cells was observed in the septum with deposits
of iron (Fig. 28). Remarkable deposition of iron was
observed in the kidneys. This finding shows that
Fe-NTA circulated in the lungs through the blood
vessels. Findings were not remarkable in the lungs of
mice treated with either propolis or artepillin C. Inflamma-
tory changes were not in interstitial septa or in intra-
alveolar spaces.

Pulmonary adenomas arose as adenomas developing
from areas with papillary hyperplasia of bronchiolar
epithelial cells, and the papillary adenomas exhibited
vascular stalks lined with cuboidal or columnar epithelial
cells (Fig. 2b, c). In other types of arising adenomas,
these consisted of aveolar cells lining the alveolar walls
(Fig. 2d).
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Fig. 2 Hyperplasia and adenoma in mice treated with ferric
nitrilotriacetate (Fe-NTA; vehicle control mice, EtOH, or olive
oil). a Hyperplasia of alveolar cells was noticed in the septum
with localization of iron. (Arrow, Berlin blue stain, x200). b Pro-
liferation of hyperplastic bronchiolar cellsin vehicle control (olive
oil) mice. [Hematoxylin and eosin (H& E) stain, x100]. ¢ Papillary
adenoma of bronchiolar cells in vehicle control (EtOH) mice.
(H&E stain, x50). d Adenoma of alveolar cells in vehicle control
(olive oil) mice. (H& E stain, x50)

Malignant progression from adenomas to adenocarci-
nomas was observed in the lungs of mice receiving
FeNTA only. Pulmonary tumors induced by Fe-NTA
were papillary adenocarcinomas derived from bronchiolar
epithelial cells (bronchiolar carcinoma, papillary type).

The tumor formed a complete trabecular structure with
few or multiple layers of cuboidal cells. Cells were irreg-
ularly packed on the trabeculae, and scanty spaces were
observed between adjacent trabeculae (Fig. 3a). In some
lesions, papillary carcinomas were altered with tubular
adenocarcinomas. A portion of adenocarcinomas had a
glandular arrangement of tumor cells (Fig. 3b), and such
lesions of adenocarcinomas were mixed with poorly
differentiated adenocarcinomas or large cell carcinomas
(Fig. 3c, d). The constituent anaplastic large round cells
resembled alveolar cells.

In contrast to what was observed in untreated mice,
adenocarcinomas were not observed in mice treated with
either propolis or artepillin C. Instead, typical mature
adenomas with vascular stalks (bronchiolar pattern,



Fig. 3 Histologica appearances of pulmonary carcinomasin vehicle
control mice (EtOH) induced by repeated injections of ferric
nitrilotriacetate (Fe-NTA). a Papillary adenocarcinoma of bronchi-
olar cell origin. [Periodic acid-Schiff (PAS) stain, x100]. b A portion
of papillary adenocarcinomas have a glandular arrangement and
form tubular adenocarcinomas. (PAS stain, x124) ¢ A lesion of
adenocarcinoma was composed of a mixture of poorly differentiated
adenocarcinoma and large cell carcinoma cells. (PAS stain, x100).
d The constituent anaplastic large round cells resembled alveolar
cells. (PAS stain, x160)

Fig. 4a) and of the aveolar cell type were observed
combined with remarkable proliferation of mature alveolar
type-11 cells (Fig. 4b, c).

PAS staining after Fe-NTA treatment

PAS staining and light microscopic study of the lungs
revealed collapse of the blood vessels and swelling of
activated alveolar cells (type I1) in the thickening septum

o |

5 h after Fe-NTA treatment. Congestion of the septa
remained during Fe-NTA treatment and became chronic.
During the chronic stage, slight bleeding restricted to the
alveolar spaces was observed, but degenerative, necrotic
changes and inflammation of the pulmonary tissues
were not observed. Reactive, proliferative responses of
bronchiolar epithelial or alveolar cells were observed in
association with congested blood vessels (Fig. 5).

Histochemical detection of aldehydes
(cold Schiff’s reaction)

Bronchiolar epithelial and alveolar cells showed diffuse
dlight positive cold Schiff’s reaction 1 h after the FENTA
injection (data not shown). However, bronchiolar epithelial
and alveolar cells of mouse lungs treated with propolis
or artepillin C were not stained by cold Schiff’s reagent,
indicating that peroxidation in the lungs was not localized.
Treatment with either propolis or artepillin C protected



Fe-NTA-treated mouse lungs from peroxidation. Although
when compared to renal peroxidation, that of the lungsin
Fe-NTA-treated mice was weak, Schiff’s reactivity was
associated with the appearance of activated alveolar cells
with large nuclei that were localized to the aveolar
septum and congestion of the alveolar septa 5 h after
treatment with Fe-NTA.

Detection of 4-HNE-modified protein
and 8-OHdG in the lung

4-HNE-modified proteins were detected in the cytoplasm
of bronchiolar epithelial and alveolar (type Il) cells 1 h
after Fe-NTA injection (Fig. 6b, ¢). Administration of
either propolis or artepillin C decreased the formation of
these modified proteins and protected the pulmonary
tissues from oxidative damage (Fig. 6d, €).

Fig. 4 Adenomasinduced after injecting ferric nitrilotriacetate
(Fe-NTA; 10 mg Fe/kg) and propolis or artepillin C for

1 year. a Adenoma of bronchiolar cell origin. Oral adminis-
tration of propolis at 1.0 mg/mouse. [Hematoxylin and
eosin (H&E) stain, x62.5). b Adenoma of aveolar cell pat-
tern. Oral administration of artepillin C at 100 pg/mouse.
(H&E stain, x80). ¢ Adenoma of alveolar cells was associat-
ed with remarkable proliferation of mature alveolar cells.
(H&E stain, x160)

The DNA base-modified product, 8-OHdG, is one
of the most generally used markers for the evaluation
of oxidation-induced DNA damage [10, 40]. After
injecting Fe-NTA, localization and accumulation of
8-OHdG in the nucleus was observed in aveolar cells
and in cells of the bronchia epithelium (Fig. 7b).
Accumulation of 8-OHAG in the nucleus was not
observed after treatment with either propolis or artepillin
C (Fig. 7c, d).

PCNA and TTF-1 staining

Cells in the hyperplastic tissues and adenomas of mice
injected with Fe-NTA 1 year previously stained positive
for PCNA, confirming active proliferation of the cells
(Fig. 8a—). The adenomatous cells also stained strongly
positive for TTF-1, indicating that these neoplastic cells



265

Fig. 5 Histological appearance of the lung 1 h after ferric nitrilo-
triacetate (Fe-NTA; 7 mg Fe/kg) injection. a Untreated normal
lung. [Periodic acid—Schiff (PAS) stain, x200]. b Activated alveolar
cells (type I1) with large nuclei in mice injected with Fe-NTA.
(PAS stain, x200). ¢ 1.0 mg/mouse of propolis was administrated
orally 2 h before Fe-NTA injection. (PAS stain, x100). d
100 pg/mouse of artepillin C was administrated 5 h before
Fe-NTA injection. (PAS stain, x100)

were pulmonary in origin and not metastatic cells
originating from renal tumors (Fig. 8d). The nuclei of
cells in adenocarcinomas and large cell carcinomas
stained strongly positive for TTF-1. Adenocarcinomas
were not observed in the mice treated with either
propolis or artepillin C, but the occurring adenomas
stained positive for PCNA and TTF-1. Infiltrating
cells staining positive for CD68 (activated alveolar
macrophages) were not observed in adenomas and
alveolar type-1l tissuesin mice receiving Fe-NTA only.

TBARS formation in the lungs

Levels of TBARSs in the lungs were found to increase
after injection of Fe-NTA (P<0.05), but this was not as
strong as that observed in the kidneys, as reported in our
previous paper. As reported for the kidneys, the experi-
mental groups receiving propolis or artepillin C showed
a dlight decrease in levels of TBARSs in their lungs

(Fig. 9).

Discussion

In this investigation, we show that the renal carcinogen
Fe-NTA can aso induce pulmonary adenocarcinomas in
surviving mice 1 year after receiving Fe-NTA for
8 weeks. Mice treated with either propolis or artepillin C
and surviving the nephrotoxic effects of Fe-NTA devel-
oped adenomas in their lungs, but these did not progress
to adenocarcinomas. In experiment 2 of our study, 1 year



Fig. 6 Immunohistochemical localization of 4-hydroxy-2-nonenal ¢ Alveolar cells of mice treated with Fe-NTA were positively
(4-HNE) in the lungs 1 h after ferric nitrilotriacetate (Fe-NTA; stained. (x200). d Bronchiolar cells of mice administered
7 mg Fe/kg) injection. a Untreated normal lung. Bronchiolar and 1.0 mg/mouse of propolis oraly. (x100). e Alveolar cells of mice
alveolar cells were negatively stained. (x100). b Bronchiolar epi- administered 100 pg/mouse of artepillin C orally. Inhibition of lipid
thelia of mice treated with Fe-NTA were positively stained. (x200).  peroxidation was noticed in bronchiolar and aveolar cells. (x100)
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Fig. 7 Immunohistochemical localization of 8-hydroxy-2'-deoxy-
guanosine (8-OHdG) in the lungs 1 h after ferric nitrilotriacetate
(Fe-NTA; 7 mg Fe/kg) injection. a Untreated normal lung. Alveolar
cells were weakly stained positive. (x100). b 8-OHdG was local-
ized in alveolar cells. Alveolar cells from mice treated with
FeNTA. (x200). ¢ Propolis 1.0 mg/mouse was administered 2 h
before injecting Fe-NTA. Alveolar cells were weakly stained posi-
tive. (x100). d 100 pg/mouse of artepillin C was administered 5 h
before Fe-NTA injection. 8-OHdG was negatively stained. Inhibition
of 8-OHdG localization in alveolar cells treated with propolis and
artepillin C (x100)

after injection of Fe-NTA for 8 weeks, a significant 50%
of untreated surviving mice developed adenocarcinomas,
compared with none in the treated groups. In mice treated
with artepillin C, infiltration of activated macrophages
(type I1) into the adenomas was also observed. Treatment
induced a reduction in the intensity of staining for markers
of oxidative damage, such as 4-HNE-modified proteins
and 8-OHdG in pulmonary tissues. Furthermore, the
levels of TBARS in the tissues also decreased in mice

treated with either propolis or artepillin C. The neoplastic
tissues induced in the lungs of mice by Fe-NTA were
stained positive with anti-TTF-1 antibody, confirming
that these neoplastic tissues were primary pulmonary
tumors and not of renal origin.

Fe-NTA is a non-genotoxic carcinogen, and adminis-
tration of Fe-NTA induces severe acute renal tubular
necrosis with lipid peroxidation in rats and mice [14, 15,
33, 46, 51]. A high incidence of renal adenocarcinomas
was observed in rats and mice receiving Fe-NTA
induced by oxidative damage. In renal adenocarcinomas,
cyst formation precedes cancer development, and the
cystic-papillary cancer induced by Fe-NTA is of proximal
tubular cell origin [29]. In this study, adenomas of
alveolar cells and bronchiolar epithelia progressed into
adenocarcinomas associated with high levels of lipid
peroxidation in the lungs.

Propolis is a mixture of compounds obtained from
beehives. It has various bioactivities, including anti-
bacteria [1, 30], anti-viral [45], and anti-inflammatory
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Fig. 8 Immunohistochemistry of proliferating cell nuclear antigen
(PCNA) and thyroid transcription factor-1 (TTF-1). a Bronchiolar
epithelia of control mice treated with ferric nitrilotriacetate
(FeNTA) and olive oil. Non-cancerous lesion in surviving mice
1 year after Fe-NTA. (x100). b Alveolar cells of control mice
treated with Fe-NTA and olive oil. Non-cancerous lesion. (x100).
¢ Vehicle control mice (olive oil) were strongly positively stained
for PCNA. Lungs of mice injected with Fe-NTA previously were
stained positive for PCNA in surviving mice 1 year. (x100).
d Adenoma of mice induced by treatment with Fe-NTA and
artepillin C. TTF-1 was strong positively stained in a part of the
adenoma. The adenoma was confirmed to be a primary lung
tumor. (x100)

[22] effects. We have identified artepillin C as an active
substance isolated from propolis and have shown that it
exhibited anti-tumor activities and induced cancer cell
apoptosis in vivo and in vitro [23, 24]. Additionaly,
Brazilian propolis and artepillin C possess anti-oxidant
effects, and renal carcinogenesis induced by Fe-NTA in
mice was prevented. In the same study, using electron
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Fig. 9 The effect of propolis and artepillin C on lung thiobarbituric
acid-reactive substance levels induced by ferric nitrilotriacetate

spin resonance (ESR), we show that both propolis and
artepillin C have anti-oxidative effects [25]. The results
confirm that these substances possess scavenging activity
for oxyradicals and suggest that they protect mice from



lipid peroxidation in the lungs. Thus, pulmonary damage
and carcinogenesis are inhibited by these scavengers.
Artepillin C induces apoptosis of malignant cells directly
and has inhibitory effects on cancer growth in mice [23,
24]. The low 50% mouse survival following treatment is
considered to be due to the severe nephrotoxic effects of
Fe-NTA that could not be inhibited by either propolis or
artepillin C [50].

In this investigation, pulmonary adenocarcinomas and
large cell cancers arising from adenomas consisted of
alveolar cells or bronchiolar epithelia. We found that
propolis and artepillin C administrated orally prevent the
increase in markers of lipid peroxidation, such as
TBARSs, 4-HNE, and 8-OHdG in the lungs. Although
the levels of TBARSs in the lungs were lower than those
reported for the kidneys [25], the levels decreased
further after oral administration of either propolis or
artepillin C. The rena proximal tubules of male mice
showed cold Schiff’s reaction positivity 1 h after the
FeNTA injection [25], and destruction of the brush border
was observed after PAS staining. However, in the lungs,
pulmonary alveolar and the bronchiolar epithelium
showed only weak Schiff’s reaction (data not shown).
These histochemical findings confirmed the suppressive
effects of propolis and artepillin C on lipid peroxidation
in the lungs and confirmed that the administration of
either propolis or artepillin C induces local anti-oxidative
effects in these tissues. |mmunohistochemistry showed
that 4-HNE was positive in the cytoplasmic microsomes
in bronchiolar epithelia and in part of the alveolar cells
after Fe-NTA. However, 4-HNE was absent after treat-
ment with either propolis or artepillin C. 8-OHdG
induced by DNA damage due to lipid peroxidaton was
detected in the nucleus of alveolar and bronchiolar cells
of the sub-pleural regions. It was considered an important
finding that 8-OHdG was found in the nucleus of some
alveolar cells in untreated control mice but was not
found in the bronchiolar epithelium. TBARS was aso
higher in the lungs than in the kidneys of norma mice.
Thus, occasionally a spontaneous adenoma in an untreated
mouse lung might arise through lipid peroxidation
(Table 1). Congestion of capillary blood vessels in the
alveolar septa and proliferation of alveolar type-ll cells
was observed 1 h after treatment with Fe-NTA. This was
inhibited by both propolis and artepillin C.

Morphologically, Clara cells appeared to be pivotal in
our model of carcinogenesis. Many investigators have
histologically classified cancers on the basis of predomi-
nant morphological features as either alveolar or bron-
chiolar, and the cellular origin of the cancersisidentified
using electron microscopy [4, 9, 13, 42]. After injection
of Fe-NTA, alveolar cancers exhibited an alveolar type-I|
cell pattern, whereas bronchiolar papillary cancers
consisted of non-ciliated epithelial Clara cells of the
bronchioles. Clara cells are metabolically the most active
of al the cells types comprising the respiratory epithelia.
Histochemistry has shown that the highest activity of
oxidative enzymes occurs in their cytoplasm. 4-HNE and
8-OHdG induced by lipid peroxidation were noticed in
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the bronchiolar epithelia. The alveolar type-1l epithelia
were made up of continuous cords of uniform cuboidal
cells lining the alveolar septa, filling the alveolar spaces
to give a solid compact appearance. During anaplastic
changes of the bronchiolar epithelium, cell mixtures of
different phenotypes arise from a common stem cell as
proposed by Reznik-Schaller and Reznif [38]. The aveolar
cellsand Clara cells are rich in chorine-base phospholipid,
and these cells are probably injured by lipid peroxidation.
The cellular localization of pulmonary oxidase activity
has aroused considerable interest, especially because
of the increasing incidence of lung disease, including
cancers. Evidence for Clara cells as the site of cyto-
chrome-dependent mixed-function oxidase activity in the
lung has also been reported [7].

Adenomas arising from both cell types progressed
into adenocarcinomas and then to large cell cancers after
8 weeks of repeated injections of Fe-NTA. In contrast,
mice receiving oral administrations of either propolis or
artepillin C were protected from malignant progression
to adenocarcinomas. This study therefore confirms that
propolis and artepillin C have chemopreventive effects
and inhibit carcinogenesis in histologically distinct
tissues, such as the lungs and the kidneys [25], and
suggests that these natural products are health preserving
substances with prophylactic potential.

Acknowledgements We thank Prof. Dr. Kojun Setsu, Tokushima
Bunri University, Tokushima, Japan, for his excellent technical
assistance of TTF-1 immunohistochemistry.

References

1. Aga H, Shibuya T, Sugimoto T, Kurimoto M (1994) Isolation
and identification of anti-microbial compounds in Brazilian
propolis. Biosci Biotech Biochem 58:945-956

2. Amaral-Mendes JJ (1969) Histopathology of primary lung
tumors in the mouse. J Pathol 97:415-427

3. Awa M, Narasaki M, Yamanoi Y, Seno S (1979) Induction of
diabetes in animals by parenteral administration of ferric
nitrilotriacetate: a model of experimental hemochromatosis.
Am J Pathol 95:663-673

4. Bedrossian CW, Weilbacher DG, Bentinck DC, Greengerg SD
(1975) Ultrastracture of human bronchiolo-alveolar cell
carcinoma. Cancer 36:1399-1413

5. Benedetti A, Comporti M, Esterbauer H (1980) Identification
of 4-hydroxynonenal as a cytotoxic product originating from
the peroxidation of liver microsomal lipids. Biochem Biophys
Acta 620:281-296

6. Bonikos DS, Hendrickson M, Bensch KG (1977) Pulmonary
alveolar cell carcinoma. Fine structural and in vitro study of
a case and critica review of this entity. Am J Surg Pathol 1:
93-108

7. Boyd MR (1977) Evidence for the Clara cell as a site of
cytochrome p450-dependent mixed-function oxidase activity
in lung. Nature 269:713-715

8. Churg A (1978) The fine structure of large cell undifferentiated
carcinoma of the lung. Evidence for its relation to squamous
cell carcinomas and adenocarcinoma. Hum Pathol 9:143-156

9. Dermer GB (1982) Origin of bronchiolo-alveolar carcinoma
and peripheral bronchial adenocarcinoma. Cancer 49:881-887

10. Devasagayam TP, Steenken S, Obendorf MS, Schulz WA, Sies
H (1991) Formation of 8-hydroxy (deoxy)-guanosine and
generation of strand breaks at guanine residues in DNA by
singlet oxygen. Biochemistry 30:6283-6289



270
11.

12.
13.
14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31

32.

33.

Flaks B, Flaks A (1970) Fine structure of nuclear inclusionsin
murine pulmonary tumor cells. Cancer Res 30:1437-1443
Grady HG, Stewart HL (1940) Histogenesis of induced
pulmonary tumorsin strains A mice. Am JPathol 16:417-432
Greenberg SD, Smith MN, Spjut HJ (1975) Bronchiolo alveolar
carcinomacell of origin. Am J Clin Pathol 63:153-167
Hamazaki S, Okada S, Ebina Y, Midorikawa O (1985) Acute
renal failure and glucosuria induced by ferric nitrilotriacetate
in rates. Toxicol Appl Pharmacol 77:267-274

Hamazaki S, Okada S, Ebina Y, Fujioka M, Midorikawa O
(1986) Nephrotoxicity of ferric nitrilotriacetate: an electron-
microscopic and metabolic study. Am J Pathol 123:343-350
Horie A, Ohta M (1981) Ultrastractural features of large cell
carcinoma of the lung with reference to the prognosis of
patient. Hum Pathol 12:423-432

Holzinger A, Dingle S, Bejarano PA, Miller MA, Weaver TE,
DiLauro R, Whitsett JA (1996) Monoclona antibody to
thyroid transcription factor-1: production, characterization,
and usefulness in tumor diagnosis. Hybridoma 15:49-53

Inoue S, Kawanishi S (1987) Hydroxyl radical production and
human DNA damage induced by ferric nitrilotriacetates and
hydrogen peroxide. Cancer Res 47:6522—6527

Kauffman SL (1981) Histogenesis of the papillary Clara cell
adenoma. Am J Pathol 103:174-180

Kauffman SL, Alexander L, Sass L (1979) Histologic and
ultrastructural features of the Clara cell adenoma of the mouse
lung. Lab Invest 40:708-716

Kennedy AR, McGandy RB, Little JB (1977) Histochemical,
light and electron microscopic study of polonium-210 induced
peripheral tumors in hamster lungs: evidence implicating the
Claracell asthe cell of origin. Eur J Cancer 13:1325-1340
Khayya MT, el-Ghazaly MA, el-Khatib AS (1993) Mechanisms
involved in the anti-inflammatory effect of propolis extract.
Drugs Exp Clin Res 19:197-203

Kimoto T, Aga M, Hino K, Koya S, Yamamoto Y, Hanaya T,
Ara S, lkeda M, Kurimoto M (1998) Apoptosis of human
leukemia cell lines induced by artepillin C extracted from
Brazilian propolis. Biotherapy 12:1135-1142

Kimoto T, Arai S, Kohguchi M, Aga M, Nomura Y, Micallef
MJ, Kurimoto M, Mito K (1998) Apoptosis and suppression of
tumor growth by artepillin C extracted from Brazilian propolis.
Cancer Detect Prev 22:506-515

Kimoto T, Koya S, Hino K, Yamamoto Y, Nomura Y, Micallef
MJ, Hanaya T, Arai S, Ikeda M, Kurimoto M (2000) Renal
carcinogenesis induced by ferric nitrilotriacetate in mice, and
protection from it by Brazilian propolis and artepillin C.
Pathol Int 50:679-689

Kimula'Y (1978) A histochemical and ultrastructural study of
adenocarcinoma of the lung. Am J Surg Pathol 2:253-264
Kimura K (1971) Progression of pulmonary tumor in mice. A
histological studies of primary and transplanted pulmonary
tumor. Acta Pathol Jpn 21:13-56

Klass D, Lesperance E, Naimark A (1975) Phospholipid
metabolism in lung adenomas. a model of surface active material
synthesis. Chest 67:37-39

Kondo A, Deguchi J, Okada S (1995) Renal cysts and associated
renal tumorsin male ddY mice injected with ferric nitrilotriac-
etate. Virchows Arch 427:91-99

Kujumgiev A, Bankova V, Ignatova A, Popov S (1993) Anti-
bacterial activity of propolis, some of its components and their
analogs. Pharmazie 48:785-786

Mori K (1964) Further studies on the histogenesis of pulmonary
tumors in mice induced by 4-nitro-quinoline 1-oxide. Gann
55:315-323

Ohkawa H, Ohishi N, Yagi K (1979) Assay for lipid peroxides
in animal tissues by thiobarbituric acid reaction. Anal Biochem
95:351-358

Okada S (1996) Iron-induced tissue damage and cancer: therole
of reactive oxygen species-free radicals. Pathol Int 46:311-332

34.

35.

36.

37.

38.
39.

41.
42.

46.

47.

49.

50.

51

52.

. Tatefuji T, Yamauchi M,

Okada S, Hamazaki S, Ebina Y, Li JL, Midorikawa O (1987)
Nephrotoxicity and its prevention by vitamin E in ferric
nitrilotriacetate-promoted lipid peroxidation. Biochem Biophys
Acta 922:28-33

Okada S, Fukunaga Y, Hamazaki S, Yamada Y, Toyokuni S
(1991) Sex differences in the localization and severity of ferric
nitrilotriacetate-induced lipid peroxidation in the mouse
kidney. Acta Pathol Jpn 41:221-226

Okamoto K, Toyokuni S, Uchida K, Ogawa O, Takenewa J,
Kakeni Y, Kinoshita H, Hattori-Nakakuki Y, Hiai H, Yoshida
O (1994) Formation of 8-hydroxy-2’'-deoxyguanosin and
4-hydroxy-2-nonenal-modified proteins in human renal-cell
carcinoma. Int J Cancer 58:825-829

Pompella A, Maellaro E, Casini AF, Comporti M (1987)
Histochemical detection of lipid peroxidation in the liver of
bromobenzene-poisoned mice. Am J Pathol 129:295-301
Reznik-Schuller H, Reznik G (1979) Experimental pulmonary
carcinogenesis. Int Rev Exp Pathol 20:211-281

Sato T, Kauffman SL (1980) A scanning electron microscopic
study of the type Il and Clara cell adenoma of the mouse lung.
Lab Invest 43:28-36

. Shibutani S, Takeshita M, Grollman AP (1991) Insertion of

specific bases during DNA synthesis part the oxidation
damaged base 8-0xodG. Nature 349:431-434

Shimkin MB, Stoner GD (1975) Lung tumors in mice: applica-
tion to carcinogenesis bioassay. Adv Cancer Res 21:1-58

Singh G, Katyal SL, Torikata C (1981) Carcinoma of type Il
pneumocytes. immunodiagnosis of a subtype of bronchiolo-
aveolar carcinoma. Am J Pathol 102:195-208

. Snyder F, Maone B (1975) Acyltransferases and the biosynthesis

of pulmonary surfactant lipid in adenoma alveolar type Il
cells. Biochem Biophys Res Commun 66:914-919

. Snyder C, Malone B, Nettesheim P, Snyder F (1973)

Urethane-induced pulmonary adenoma as a tool for the study
of surfactant biosynthesis. Cancer Res 33:2437-2443

Ilkeda M, Ando S, Kurimoto M
(1993) Effect of propolis obtained in Brazilian on infectivity
of viruses. Natural Med 47:60-64

Toyokuni S, Okada S, Hamazaki S, Minamiyama Y, Yamada
Y, Liang P, Fukunaga Y, Midorikawa O (1990) Combined
histochemical and biochemical analysis of sex hormone
dependence of ferric nitrilotriacetate-induced rena lipid
peroxidation in ddY mice. Cancer Res 50:5574-5580
Toyokuni S, Uchida K, Okamoto K, Hattori-Nakakuki Y, Hiai
H, Stadtman ES (1994) Formation of 4-hydroxy-2-nonenal-
modified proteins in the renal proximal tubules of rats treated
with arenal carcinogen, ferric nitrilotriacetate. Proc Natl Acad
Sci U SA 91:2616-2620

. Toyokuni S, Tanaka T, Hattori Y, Nishiyama Y, Yoshida A,

Uchida K, Hiai H, Ochi H, Osawa T (1997) Quantitative
immunohistochemical determination of 8-hydroxy-2'-deoxy-
guanosine by a monoclonal antibody N45.1: its application to
ferric nitrilotriacetate-induced renal carcinogenesis model.
Lab Invest 76:365-374

Uchida K, Szweda LI, Chae H, Stadtman ER (1993) Immuno-
chemical detection of 4-hydroxynonenal protein adducts in
oxidized hepatocytes. Proc Natl Acad Sci U S A 90:8742-8746
Umemura T, Sai K, Tekagi A, Hasegawa R, Kurokawa Y
(1990) Oxidative DNA damage, lipid peroxidation and nephro-
toxicity induced in the rat kidney after ferric nitrilotriacetate
administration. Cancer Lett 54:95-100

Umemura T, Sai K, Tekagi A, Hasegawa R, Kurokawa Y
(1991) The effects of exogenous glutathione and cysteine on
oxidative stress induced by ferric nitrilotriacetate. Cancer Lett
58:49-56

Winter CK, Segall HJ, Haddon WF (1986) Formation of cyclic
adducts of deoxyguanosine with the adehydes trans-4-
hydroxy-2-hexenal and trans-4-hydroxy-2-nonenal in vitro.
Cancer Res 46:5682-5686



