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Abstract
Background: Arterial intimal hyperplasia and following
restenosis may be inhibited by estrogens. We investi-
gated the effect of a synthetic steroid hormone, Tibolon:
(a) on intima hyperplasia and restenosis in vivo, and
(b) on production of endothelial nitric oxide synthase
(eNOS), vascular endothelial growth factor (VEGF), en-
dothelial cell proliferation and apoptosis in vitro. Meth-

ods: Influence of Tibolon treatment (0.1 mg/kg body
weight, during 3 days before and 3 weeks after the oper-
ation as a drinking solution once daily) on neointimal for-
mation (measured by morphometry) and arterial wall
damage (by qualitative histology) were investigated in
vivo using an animal model of balloon injury of ca-
rotid artery. In human umbilical vein endothelial cells
(HUVEC) and human microvascular endothelial cells
(HMEC-1), the effect of Tibolon (0.1 Ìg/ml) on eNOS and

VEGF was assessed by ELISA. Cell proliferation was
induced by VEGF165 and measured by BrdU incorpora-
tion assay, cell apoptosis was detected colorimetrically
measuring DNA fragmentation. Results: Balloon injury
resulted in neointima formation and prominent damage
of the carotid artery wall. Treatment with Tibolon in-
creased luminal area, decreased intimal area and intima
to media ratio, and promoted better reparation of dam-
aged vessel wall. In vitro, Tibolon treatment did not
influence the expression of eNOS protein in HUVEC as
well as cell proliferation rate but reduced apoptosis of
endothelial cells by about 40%. Additionally, this treat-
ment suppressed basal and IL-1ß-stimulated synthesis of
VEGF in HMEC-1. Conclusions: Tibolon treatment sup-
pressed neointimal formation and promoted better repa-
ration of damaged vessel wall in carotid artery after bal-
loon injury. This positive effect seems to be associated
with improved endothelial cell survival resulting possi-
bly in increased NO production. It might be also related
to the decrease of VEGF generation.

Copyright © 2004 S. Karger AG, Basel



Tibolon Treatment of Intimal Hyperplasia/
Restenosis in Rabbit Carotid Artery

Eur Surg Res 2004;36:74–82 75

Introduction

Percutaneous transluminal angioplasty (PTA) is a
widely accepted method for treatment of vascular occlu-
sive diseases. The number of endovascular procedures
still rises, although the long-term efficacy of this method is
uncertain. The main limiting factor of PTA is restenosis
[1, 2] because of vessel remodeling – mechanical collapse
and constriction of the vessel after PTA, and intimal
hyperplasia as a response to vessel injury.

Development of intimal hyperplasia is based on abnor-
mal function of the endothelial cells (EC), and pathologi-
cal activation, migration and proliferation of vascular
smooth muscle cells (VSMC) in response to injury (e.g.
balloon injury) [3]. Invasion and subsequent proliferation
of VSMC in the intima are stimulated by pathological
overexpression of various growth factors – mitogens of
VSMC [4].

Estrogens inhibit the proliferation and migration of
VSMC [5] and minimize neointimal formation in vitro
[6] and in vivo [7, 8]. Estrogen supplementation promotes
vessel wall re-endothelialization with functioning cells, as
demonstrated by enhanced endothelium-dependent re-
laxation of carotid arteries subjected to balloon injury in
normal female rats [9].

The vasoprotective effect of estrogens appears to be
mediated by various mechanisms, for example, a more
favorable lipid profile [10]. Considerable evidence suggests
that NO may play important role in the endothelial-protec-
tive effect of estrogens [11]. NO is produced in EC by the
constitutive endothelial nitric oxide synthase (eNOS) from
L-arginine [12, 13]. Estrogen therapy might increase the
total NO concentration in tissues by: (a) increasing eNOS
activity or concentration [14], or (b) inactivating oxygen
radicals (antioxidative effect) which annihilate NO [15].
Another mechanism by which estrogen treatment benefits
the cardiovascular system may be production of vascular
endothelial growth factor (VEGF) [16].

Although a positive effect of estrogen substitution on
cardiovascular disease (CVD) after natural or surgical
menopause was reported [17], the risk of breast or uterus
cancer is significantly higher in such women than in post-
menopausal women who have never used hormones. This
restricts a wide and safe use of estrogens for prevention of
CVD.

The discovery of selective estrogen receptor modula-
tors and synthetic steroids with combined effect like Tibo-
lon (a synthetic norethynodrel derivate) opens new vistas
in hormone replacement therapy [18] and therapy of
CVD.

Tibolon is a synthetic steroid hormone [(7·,17·)-
17-hydroxy-7-methyl-19-norpregn-5(10)-en-20-yn-3-one
(Org OD 14)] which binds to different receptors and
exerts concomitant estrogenic, progestational and weak
androgenic activities [19, 20]. Because of such a com-
bined effect, Tibolon does not induce undesirable stimu-
lation of endometrium. Tibolon expresses an anti-athero-
sclerotic effect in ovariectomized rabbits [21]. However,
until now there are no data available about the effect of
Tibolon on neointimal growth after vessel injury.

The aim of the study was to investigate the in vivo
influence of Tibolon treatment on neointimal formation
using an animal model of balloon-induced vascular-endo-
thelial injury. Moreover, we aimed to assess the in vitro
effect of Tibolon on synthesis of eNOS, VEGF produc-
tion, and proliferation and apoptosis of human umbilical
vein endothelial cells (HUVEC) and human microvascu-
lar endothelial cells (HMEC-1).

Materials and Methods

In vivo Investigations of the Effect of Tibolon Treatment
on Vessel Wall Alterations after PTA

Animal Preparation
The study was carried out on adult male New Zealand white rab-

bits (Charles River GmbH, Sulzfeld, Germany) in conformity with
the Helsinki Declaration and the ‘Guiding Principles in the Care and
Use of Animals’. The rabbits weighed 2,000–3,000 g and had free
access to food – a chow diet (Altromin 2120 standard diet pellets;
Marek, Vienna, Austria) and water. Animals were housed individu-
ally in a temperature-controlled, standard light/dark environment.
The animals were not given food 24 h before surgery.

Experimental Protocol
The influence of oral Tibolon on neointimal formation was evalu-

ated in a rabbit carotid artery model of vessel injury. Experimental
animals were randomly allocated to three groups: group A: sham
operated rabbits (n = 9); group B: balloon injury of the left common
carotid artery without any treatment (n = 10), and group C: balloon
injury of the left common carotid artery and treatment with Tibolon
in a dose of 0.1 mg/kg body weight (n = 10).

The animals of treatment group C received Liviel® (N.V. Orga-
non, Oss, The Netherlands) which contains 2.5 mg Tibolon, orally
during 3 days before and 3 weeks after the operation as a drinking
solution once daily in addition to the standard chow diet mentioned
above.

Balloon injury of carotid artery was attained under general anes-
thesia using a mixture of ketamine-hydrochloride (15 mg/kg Ketalar;
Parke-Davis GmbH, Berlin, Germany) and xylazine-hydrochloride
(1.5 mg/kg Rompun; Bayer, Leverkusen, Germany) administered
intravenously. The medial ear artery was cannulated for monitoring
the blood pressure and blood gas analysis. Continuous ECG was tak-
en during the procedure. Body temperature was kept constant (38.5–
39°C).
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The balloon injury of the left common carotid artery was per-
formed using an endarterectomy balloon catheter Fogarty 3F (Ed-
wards Life Sciences, Irvine, Calif., USA) according to Manderson et
al. [22, 23]. In detail, bifurcation of the left common carotid artery
was exposed trough neck incision and surgical preparation. The
external carotid artery was also exposed, and after arteriotomy a bal-
loon catheter was inserted retrogradely through the arteriotomy into
the common carotid artery. The balloon catheter was then inflated
with 1 ml of isotonic saline solution to visibly distend the artery [24].
The inflated catheter was withdrawn to the point of entry, and this
procedure was repeated three times. After removal of the balloon
catheter, the external carotid artery was ligated and the skin wound
was closed. This procedure is considered to be sufficient for produc-
tion of intimal thickening in the operated segment [24]. Sham opera-
tion in the control group was limited to general anesthesia and carot-
id artery exploration.

The animals were again anesthetised 3 weeks after the operation.
After sacrificing with a lethal overdose of pentobarbital, the operated
and not operated contralateral carotid arteries were perfusion-fixed
with 10% buffered formalin at a pressure of 90 mm Hg for 30 min,
excised en bloc and finally immersion fixed for 24 h. Specimens were
embedded in paraffin. Transverse sections of 3 Ìm thickness were
stained with the Verhoeff-van Gieson stain for elastic tissue and
hematoxylin and eosin. Sections were examined by light microscopy
(Axiomat; Zeiss, Oberkochen, Germany) by an unbiased observer.

Morphological Investigations
Quantitative Analysis (Morphometry)
The measurements of the arteries were taken using a pen linked to

a personal computer with a semiautomatic image-analyzing system
(LUCIA-M®; Nikon Laboratory Imaging, Prague, Czech Republic)
at a 40-fold magnification. Multiple sections (n = 5) were examined
for each specimen, torn or distorted sections were excluded. The
total, luminal, medial and intimal vessel areas (Ìm²) were measured.
The intimal area was measured between the lumen of the vessel and
the internal elastic membrane, and the medial area between the inter-
nal and external elastic membranes. The intima to media area (I/M)
ratio was also calculated.

Qualitative Analysis
The specimens were evaluated by one single experienced investi-

gator unaware of the study design at 500-fold magnification for the
qualitative analysis of vessel injury: (1) internal elastic lamina frac-
ture, (2) intimal fracture, (3) medial compression, (4) medial dissec-
tion, (5) medial necrosis (absence of smooth muscle cell nuclei)
according to Wilensky et al. [26]. The arterial segments were judged
for the presence of no, mild, moderate or severe injury concerning
the parameters described above. Correspondingly, a value of 0, 1, 2,
or 3 was given, and the sum of this injury index was used for statisti-
cal analysis in each group.

In vitro Investigations of the Effect of Tibolon on Synthesis of
eNOS, VEGF Production, and Proliferation and Apoptosis of
HUVEC

Reagents and Measurement of eNOS and VEGF
Tibolon was purchased from Organon GmbH (Vienna). Interleu-

kin-1ß (IL-1ß), L-glutamine, EGF, endothelial cell growth factor sup-
plement (ECGFS), and hydrocortisone were obtained from Sigma;

culture medium (DMEM F-12) and antibiotics from Gibco; fetal calf
serum (FCS) were procured from PromoCell. Cell proliferation
ELISA kit (colorimetric detection of BrdU incorporation) was pur-
chased from Roche Diagnostic, ELISA kits for human VEGF, eNOS
and apoptosis detection kit were from R&D Systems. Total protein
concentration was measured with reagents obtained from BioRad.

Cell Culture
A primary culture of HUVEC was isolated according to Jaffé’s

method [25]. Cells were grown in M199 medium containing strepto-
mycin (10 Ìg/ml), penicillin (100 U/ml), 20% FCS, heparin (500 U/
ml), L-glutamine (2 mM ) and ECGFS (150 Ìg/ml). Cells of the 3rd
and 4th passages were used for experiments. For measurements of
eNOS protein expressions, the cells were placed into a 24-well plate
and grown up to full confluence. Fresh medium was then introduced
and supplemented with Tibolon (0.1 Ìg/ml). After a 72-hour incuba-
tion period, cells were lysed and the concentration of eNOS was mea-
sured by ELISA.

HMEC-1 were purchased from Centers for Disease Control and
Prevention (Atlanta, Ga., USA) and cultured in DMEM F-12 me-
dium containing 10% FCS, L-glutamine (2 mM ), EGF (10 ng/ml),
hydrocortisone (1 Ìg/ml) penicillin (100 U/ml) and streptomycin
(10 Ìg/ml). To measure VEGF protein concentrations, the cells were
placed into a 24-well plate and grown up to full confluence. Fresh
medium was then introduced and supplemented with Tibolon
(0.1 Ìg/ml). After a 24-hour incubation period, media were collected
for measurements of VEGF concentrations.

Proliferation Assay
HUVEC were seeded in a 96-well plate (3,000 cells/well) in

medium containing 10% FCS, but deprived of ECGFS with/without
of Tibolon (0.1 Ìg/ml). Proliferation was induced by addition of
VEGF165 (10 ng/ml) and measured by BrdU incorporation assay
after 48 h.

Apoptosis Assay
HUVEC were seeded in a 96-well plate in a complete medium

and grown up to full confluence. The cells were then washed in PBS
and cultured in medium containing 10% FCS, but deprived of
ECGFS with/without Tibolon (0.1 Ìg/ml). Some cells were addition-
ally supplemented with VEGF165 (10 ng/ml). Apoptosis was mea-
sured after 72 h by colorimetric detection of DNA fragmentation
(R&D Systems).

Statistical Methods
For in vivo Investigations. Mean and standard deviation are giv-

en. Bivariate data were described by contingency tables, significant
differences were evaluated using the Fisher’s exact test. Ordinal data
were analyzed by ANOVA using the GLM (general linear models)
procedure. A correction for repeated measures was performed by the
mixed procedure. All analyses were rather exploratory than confir-
matory and were made with statistical software of SAS 8.0. Results
were considered statistically significant when p ! 0.05.

For in vitro Investigations. All experiments were made in dupli-
cates or triplicates and were repeated 2–3 times. Data are presented
as means B SD. Statistical evaluation was done with Student’s t test
and Wilcoxon test. Differences were accepted as statistically signifi-
cant at p ! 0.05.
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Results

In vivo Investigations

Morphometric Data (table 1)
The total vessel area in the sham-operated animals was

1.88 B 0.21 mm2. This parameter was not significantly
influenced by balloon injury or any treatment.

In animals with balloon injury and no treatment, the
luminal vessel area significantly decreased as compared to
sham-operated rabbits (p ! 0.05) because of intimal thick-

ening (fig. 1A, B). The intima to media area (I/M) ratio
increased significantly after balloon injury (p ! 0.005)
with no significant changes of the medial area.

Treatment with Tibolon suppressed intimal thickening
(fig. 2A, B). Three weeks after treatment, the luminal area
was significantly higher as compared to nontreated ani-
mals, and did not differ from the respective control value
in sham-operated animals. The intimal area as well as I/M
ratio were significantly lower as compared to nontreated
animals (p ! 0.05).

Fig. 1. Transverse section of rabbit carotid
artery after balloon injury without treat-
ment. A General view. Bar = 1 mm. B Inti-
mal hyperplasia, increase of intima to media
ratio, internal elastic lamina fractures, inti-
mal fractures, medial compression. Bar =
100 Ìm.

Fig. 2. Transverse section of rabbit carotid
artery after balloon injury in the animals
treated with Tibolon (0.1 mg/kg). A General
view. Bar = 1 mm. B Reduction of intimal
hyperplasia and decrease intima to media
ratio, reduction of vessel wall injury. Bar =
100 Ìm.

Table 1. Morphometric data of carotid artery luminal, intimal and medial area and intima to media ratio

Parameter Control, n = 29
(contralateral
nonoperated side)

Group A, n = 9
(sham)

Group B, n = 10
(without
treatment)

Group C, n = 10
(0.1 mg Tibolon/
kg b.w.)

Luminal area, mm2 1.08B0.18 1.26B0.33 0.72B0.48* 1.03B0.40***
Intimal area, mm2 0.03B0.01 0.03B0.01 0.49B0.14* 0.21B0.07***
Medial area, mm2 0.33B0.01 0.29B0.01 0.30B0.16 0.38B0.07
Intima to media ratio 0.07B0.04 0.09B0.03 1.92B0.89** 0.71B0.11***

Values are means B SD; * p ! 0.05 and ** p ! 0.005 vs. group A; *** p ! 0.05 vs. group B.
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Fig. 3. Effect of Tibolon on the expression of eNOS protein in
HUVEC after a 72-hour incubation period. Concentration of eNOS
protein in cell lysates corrected on amount of total protein. Each bar
represents mean B SD of three independent experiments performed
in duplicates. p ! 0.05 in comparison to control.

Fig. 4. Effect of Tibolon on the release of VEGF from HMEC-1 after
a 24-hour incubation period. Each bar represents mean B SD of
three independent experiments performed in duplicates. * p ! 0.05
and ** p ! 0.005 in comparison to control, *** p ! 0.05 in compari-
son to IL-1ß-stimulated cells.

Table 2. Qualitative analysis of carotid
artery wall injury

Parameter Control, n = 29
(contralateral
nonoperated
side)

Group A
n = 9
(sham)

Group B
n = 10
(without
treatment)

Group C
n = 10
(0.1 mg Tibolon/
kg b.w.)

Internal elastic lamina fracture 0 0 15 5*
Intimal fracture 0 0 14 5*
Medial compression 0 0 19 9*
Medial dissection 0 0 12 6*
Medial necrosis 0 0 4 2

Values are sums of injury index; * p ! 0.005 vs. group B.

Qualitative Analysis (table 2)
Three weeks after balloon injury of nontreated ani-

mals, the carotid artery wall still expressed prominent
damage indicated by qualitatively assessed parameters
(internal elastic lamina fracture, intimal fracture, me-
dial compression, medial dissection, medial necrosis)
(fig. 1B). Treatment with Tibolon showed a significant
reduction of wall damage parameters (exclusive medial
necrosis) as compared to nontreated animals (fig. 2B).

In vitro Investigations

Effect of Tibolon on the Synthesis of eNOS (fig. 3)
After 72-hour incubation of HUVEC, the concentra-

tion of eNOS protein in cell lysates was higher in the cells
treated with Tibolon (3.08 ng/ml) than in control cells

(2.48 ng/ml). However, this difference was not significant
when data were corrected for total protein concentration
(fig. 3). The higher concentration of eNOS in cells cul-
tured with Tibolon reflects the higher number of function-
ing EC because of better survival rate (see data on prolif-
eration and apoptosis).

Effect of Tibolon on the Generation of VEGF (fig. 4)
HUVEC did not produce detectable amounts of

VEGF. In contrast, HMEC-1 after a 24-hour incubation
released about 20–40 pg/ml of VEGF protein. Therefore,
we decided to use HMEC-1 to assess the effect of Tibolon
on VEGF generation. The basal VEGF synthesis was up-
regulated by treatment of cells with IL-1ß (5 ng/ml). Both
the basal and the IL-1ß-stimulated VEGF production in
HMEC-1 were significantly decreased in the presence of
Tibolon.
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Fig. 5. Effect of Tibolon on VEGF-induced proliferation of HUVEC
after a 48-hour incubation period. Each bar represents mean B SD of
three independent experiments performed in triplicates. * p ! 0.05 in
comparison to control.

Fig. 6. Effect of Tibolon on growth factor deprivation-induced apop-
tosis of HUVEC after a 72-hour incubation period. Each bar repre-
sents mean B SD of two independent experiments performed in
duplicates. * p ! 0.05 in comparison to control.

Effect of Tibolon on the Proliferation of HUVEC
(fig. 5)
Incubation of HUVEC with 10 ng/ml of VEGF165

increased the cell proliferation up to 4-fold. The mito-
genic response of HUVEC as well as the basal prolifera-
tion were not significantly influenced by Tibolon treat-
ment.

Effect of Tibolon on the Apoptosis of HUVEC (fig. 6)
Incubation of cells with Tibolon was protective for EC

and decreased apoptosis by 40%. A similar effect could be
achieved by treatment of cells with VEGF protein (10 ng/
ml). In the cells treated with VEGF, Tibolon did not
decrease further the rate of apoptosis.

Discussion

Balloon injury of the common carotid artery is a well-
accepted animal model to evaluate vascular intimal hy-
perplasia [26]. Endothelial denudation and arterial wall
radial stretching with media compression, intramural
hemorrhage, and dissection in the intima and media are
considered to be the trigger events for neointimal forma-
tion after balloon injury [27].

In our experimental setting, prominent neointima for-
mation developed 3 weeks after balloon injury. An in-
crease of the intimal area led to an undesirable decrease of
the luminal vessel area and to an increase of the intima to
media ratio. Carotid artery wall damages were still promi-
nent, expressed by internal elastic lamina fracture, inti-

mal fracture, medial compression, medial dissection, and
medial necrosis.

Treatment with Tibolon positively influenced the lu-
minal vessel area, decreased the intimal area and intima
to media ratio. Moreover, Tibolon treatment promoted
better reparation of damaged vessel wall expressed by sig-
nificant reduction of the parameters of artery wall damage
as compared to the nontreated animals. Tibolon treat-
ment was protective for EC as evidenced by the decrease
in apoptosis rate of HUVEC cells by 40% while the prolif-
eration rate was not affected. Although our in vitro inves-
tigations showed that cellular expression of eNOS protein
was not influenced by Tibolon treatment but improved
endothelial cell survival, may lead to a higher NO bio-
availability.

There are different physiological functions of NO in-
cluding vasodilatation and maintenance of the ‘basal
tonus’ of the vascular system, prevention of adherence
and aggregation of blood cells. The suppression of prolif-
eration/migration of VSMC is another important func-
tion of NO [28, 29].

Long-term therapy with NO-precursor L-arginine re-
duced endothelial dysfunction and inhibited the develop-
ment of atherosclerosis in hypercholesterolemic rabbits
[30, 31]. L-Arginine also suppressed intimal thickening
and enhanced endothelium-dependent relaxation of the
artery after balloon injury [32, 33].

Considerable evidence suggests that the endothelial-
protective effect of estrogens may be mediated by NO
[11]. 17ß-Estradiol increases eNOS activity in female
HUVEC, resulting in augmentation of estrogen receptor-
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dependent basal NO release and may contribute to the
beneficial effect in the prevention of coronary artery dis-
ease [34]. Estrogen supplementation limited neointima
formation in damaged rat carotid arteries through stimu-
lated NO production inhibiting smooth muscle cell prolif-
eration and vascular adhesion [35].

Tibolon treatment may act through cytokines – spe-
cific growth factors. It is well known that the release of
specific growth factors (such as PDGF, VEGF, and bas-
ic fibroblast growth factor) as well as cytokines from
leukocytes (e.g. IL-1ß) occurs due to vessel injury [26].
Cytokines promote smooth muscle cell migration and
proliferation [36], and accumulation of a large amount
of extracellular matrix [26] leading to intimal hyper-
plasia.

Our in vitro investigations showed a suppressing effect
of Tibolon treatment on basal and IL-1ß-stimulated
VEGF production.

There are absolutely controversial opinions about the
action of VEGF on the neointima formation after angio-
plasty. Published data indicate the reduction of neointi-
mal formation by re-endothelization or, contrarily, facili-
tation of the neointimal growth.

Local delivery of VEGF gene was used for prevention
of post-PTA restenosis considering its capability to in-
duce endothelial repair and increase NO and prostacyclin
production [37]. Local delivery of VEGF to balloon-
injured rat carotid arteries resulted in diminished neointi-
mal hyperplasia and enhanced re-endothelialization of
damaged vessels at periods up to 4 weeks after injury [38].
Shibata et al. [39] showed continued expression of VEGF
up to 4 weeks after balloon injury and subsequent stent
implantation in coronary arteries in vivo. Immunohisto-
chemical findings showed that the endothelial cell repair
was already complete at this time.

Contrarily, the treatment with recombinant human
VEGF was shown to increase the rate and degree of ath-
erosclerotic plaque formation in experimental design in
vivo [40] and enhanced neointima formation in femoral
artery after balloon injury [41]. Ruef et al. [42] showed
enhanced VEGF expression in VSMC after balloon injury
and suggested that VEGF may play an important role in
the development of restenosis.

VEGF may facilitate restenosis through the synergistic
action with PDGF [43, 44], a cytokine which is mostly
involved in the proliferation and subintimal migration of
VSMC [4]. VEGF may aggravate neointimal growth
through the neovascularization of damaged intima and/or
monocyte activation and migration [39]. Therefore, it
seems that VEGF may be involved not only in the re-

endothelization of damaged vessel, but also in the devel-
opment of neointimal growth [45].

Stimulatory as well as suppressive effects of estrogens
on VEGF production were reported. Treatment with 17ß-
estradiol was shown to increase VEGF production stimu-
lating endothelial cell proliferation in vitro and re-endo-
thelialization in vivo [46]. In healthy postmenopausal
women, an estrogen-mediated increase of serum VEGF
concentrations was suggested to have a beneficial effect
for the cardiovascular system during hormone replace-
ment therapy [16]. Contrarily, estrogen administration
for hormone replacement therapy was shown to reduce
VEGF levels in postmenopausal women [47].

Thus, our in vivo study showed that balloon injury of
the rabbit carotid artery causes neointima formation and
prominent damage of the artery wall. Treatment with
Tibolon in a dose of 0.1 mg/kg body weight reduced
neointima formation, increased the luminal vessel area,
decreased the intima to media ratio, and promoted better
reparation of the damaged vessel wall. This positive effect
seems to be associated with improved endothelial cell sur-
vival resulting probably in increased NO production. It
might also be related to the decrease of VEGF genera-
tion.
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