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A bstract
A n  env iron m en ta l p o llu tan t, te trach lo ro  d ib en zo  
d io x in  (TC D D ) is  know n  to  illic it the  cog n itive  
d isab ility  and  m otor dysfunction  in  the  develop -
ing  b ra in . TC D D  ind uced  e ffec ts  lead ing  to  
neuro deve lop m en ta l and  neuro behavio ra l d efic it 
m ay have been  de fin ed , h ow ever und erly ing  
m o lecu lar m echan ism  and  po ss ib le  in trace llu lar 
targ ets  rem ain  to  be  e luc ida ted . In  th is  s tu dy , 
w e  attem p ted  to  ana lyze  TC D D -ind uced  neuro -
tox ic  e ffec ts  in  the  g ran u le  ce lls  from  cereb el-
lum  w here  certa in  cogn itive  ab ilities  and  m otor 
function  com m and  are  know n  to  be  excu ted . 
[3H ]P D B u, (ph orbo l 12 ,13-d ibu tyra te ) b ind ing  as-
say  ind icated  that TC D D  induced  a  dose-depen-
den t increase o f to ta l P K C  ac tiv ity  an d  its  in -
duction w as the aryl hydrocarbon receptor (AhR) 
dep e n d e n t a n d  N -m e th y l-D -a s p a rta te  re c e p to r 
(N M D A R ) independ en t. T C D D  a lso  caused  the  
tran slo cation  o f b o th  P K C -α and  -ε in  a  d ose- 
dependent m anner bu t assoc ia ted  w ith  d ifferen t 
recep tors ; P K C -α via  A h R  bu t no t P K C -ε in -
d ica tin g  an  iso zym e-specific  pa tte rn  o f th e  in -
duction. Increase of the R O S form ation w as also  
ob served  in  th e  ce lls  trea ted  w ith  T C D D  in  a  
dose-dependent and  an  A hR -dependent m anner. 
Th e trea tm en t of the cells w ith the diam ino d i-

cyan o-b is (2 -am in oph en ylth io ) bu tad iene  (U 0126 , 
M E K -1 /2  in h ib ito r), d izoc ilp ine  m alea te  (M K -801 , 
n on -com petitive  N -m ethy l-D -asp arta te  g lu tam ate  
recep to r an tagon ist) and  v itam in  E  a ttenuated  
the  TC D D -indu ced  R O S  prod uctio n  in d icating  
tha t T C D D -in duced  R O S  fo rm ation  m ay  be  as-
soc ia ted  w ith  ac tiva tio n  o f ER K -1/2 in  the M A P  
kinase pathw ay or the N M D A  recep tor. TC D D  
a lso  increased  [C a 2+]ι, w h ich  is  asso cia ted  w ith  
R O S  fo rm ation  an d  P K C  ac tiva tion  in  th e  cere -
b e lla r g ranu le  ce lls . It is  sugg ested  tha t T C D D  
activates  the N M D A  receptor, w h ich  m ay induce  
a  su sta ined  increase o f [C a 2+]ι in  n eu rons  fo l-
lo w ed  by  the  R O S  fo rm atio n . O ur find in gs  m ay  
con trib u te  to  u nders tand ing  the  m ech an ism  o f 
T C D D -re la ted  neuro tox ic ity , thereb y im prov ing  
the  health  risk  assessm ent o f neuro to x ic  co m -
p oun ds  in  hum ans .

Keywords: cerebellar granule cells; neurotoxicity; PKC; 
ROS; TCDD

In troduction
TCDD is an ubiquitous and most notorious environ-
mental pollutant that accumulates in the brain as well 
as other organs (Kakeyama et al., 2003). Both human 
and animal studies showed neurotoxic effects of TCDD 
such as cognitive impairment and motor dysfunctions 
due to deficit in the neurodevelopmental processes 
(Legare et al., 2000; Nayyar et al., 2002). Gestational 
exposure to TCDD in non-human primates showed 
neurobehavioral and neurodevelopmental deficits in 
their offspring (Koopman-Esseboom et al., 1994). Re-
cent studies indicated that low-dose exposure to 
environmental agents, such as dioxin and PCBs during 
the period of rapid brain growth, known as the "brain 
growth spurt" in neonatal mice can lead to disruption 
of the adult brain function, and also to an increased 
susceptibility to toxic agents at adult ages (Eriksson, 
1997; 2000). These effects are manifested as deranged 
spontaneous behavior, e.g. hyperactivity, and altered 
behavioral response to the cholinergic agent, nicotine 
(Viberg et al., 2002). In addition, these behavioral 
effects are inducible during a restricted period of neo-
natal life and get worse with age (Eriksson et al., 2001; 
2002). Thus, it is important to identify the window of 
developmental stage sensitive to the exposure and to 
understand the underlying mechanism during the brain 
growth spurt period. Since the previous study indicated 
that PND-14 is the most vulnerable stage for chemical 

Neurotoxic effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin in
cerebellar granule cells



TCDD effect in neuronal cells  59

exposure during the development (Yang et al., 2003), 
cerebellar granule cells in this study were isolated from 
7 days old rats and grown in culture for 7 additional 
days to mimic PND-14 conditions.
  One of the most pivotal messenger molecules in-
volved in neuronal function and development is protein 
kinase C (PKC). PKC signaling pathways have been 
implicated as an important factor in learning and 
memory processes (Walaas et al., 1991; Huang and 
Huang, 1993). Since TCDD is known to alter PKC acti-
vities in brain cells (Hanneman et al., 1996), perturba-
tion of PKC signaling pathway may contribute to 
TCDD-induced neurotoxicities via aberrant PKC-medi-
ated phosphorylation. While activation of PKC is one 
of the key effects of TCDD, it remains unknown which 
isozymes are target molecules. Since PKC isozymes 
are located in different subcellular compartment and 
have their unique activation profile (Nishizuka, 1988), 
it is important to analyze the individual PKC isoforms 
to understand their biological significance in the cellular 
system.
  Reactive oxygen species (ROS) are continuously 
produced in the cells as byproducts of the electron 
transport chain in the mitochondria and by increase in 
[Ca2+]ι with subsequent activation of several signaling 
cascades (Mariussen et al., 2002). The developing 
brain is known to be especially vulnerable to oxidative 
damage. Thus, it is crucial to understand the effects 
of TCDD on ROS formation in the developing neuronal 
cells to better assess the neurotoxic risk.
  Therefore, the present study attempted to look into 
the effects of TCDD on PKC isozymes and ROS 
production in neuronal cells and identify possible 
intracellular target molecules for TCDD.

M ateria ls and M ethods
Cerebellar granule cell cu lture
Cerebellar granule cell cultures were prepared from the 
cerebella of 7-day old Sprague-Dawley rat pups as 
described previously (Yang and Kodavanti, 2001). Cells 
were plated at 3×106 cells/well in 6-well plate. After 
plating, cells were incubated at 37oC in a humidified 
incubator with 5% CO2 atmosphere. Cytosine arabino-
side (5 µM) was added after 24 h to prevent growth 
of non-neuronal cells. Cells were used for the ex-
periments after 7 days in culture. Cultures typically 
contained ＞ 95% neurons.

Exposure
Cerebellar granule cells grown on 6-well culture plates 
were exposed to 0.01, 0.1, 1, 10 nM TCDD (＞ 99% 
purity; KOR, Boston, MA) respectively, for 15 min. In 
order to get enough proteins for immunoblots, 4 culture 
plates were used for each concentration. After the 
exposure, cultures were washed twice with Locke's 
buffer and the cells were harvested in a final volume 
of 2 ml buffer A (described below).

[3H ]PDBu binding assay
Cerebellar granule cells grown on 12-well plastic trays 
(Costar) were tested at 7 days in culture. [3H]phorbol 
ester binding method was adopted from Vaccarino et 
al. Briefly, the monolayers were washed with Locke's 
buffer (154 mM NaCl; 5.6 mM KCl; 3.6 mM NaHCO3; 
2.3 mM CaCl2; 5.6 mM D-glucose; 5 mM Hepes, pH 
7.4) containing 0.1% fatty acid-free BSA. Following 
washing, the cells were incubated in Locke's buffer con-
taining 1 nM 4-β-[3H]phorbol 12,13-dibutyrate ([3H]PDBu; 
0.1 µCi/ml) for 15 min at room temperature with TCDD. 
An equal amount of DMSO was added to controls. After 
incubation, the medium was aspirated, and cells were 
washed three times with Locke's buffer and suspended 
with 1 ml of 0.1 M NaOH. An aliquot of this sample 
(0.7 ml) was added to 9 ml Ultima Gold (Packard Inst. 
Co., Meriden, CT) and the radioactivity was determined 
using scintillation spectroscopy (Beckman LS 6000LL). 
A small aliquot was used for protein determination 
(Bradford, 1976). Nonspecific binding was determined 
in the presence of 1.6 µM phorbol myristate acetate, 
which was always ＜ 20%, and subtracted from all the 
values. The unit of [3H]PDBu binding was fmol/mg 
protein/15 min.

Cell fractionation
Cells were scraped off into buffer A (20 mM Tris-HCl. 
pH7.5, containing 0.25 M sucrose, 2 mM EGTA, 2 mM 
EDTA and cocktail of protease inhibitors including 0.5 
mM PMSF, 10 µg/ml leupeptin and 10 µg/ml pepsta-
tin). The cells were briefly sonicated and centrifuged at 
100,000 g for 1 h. The supernatants were designated 
as cytosolic fraction. The membrane proteins in the 
pellets were extracted with buffer B (20 mM Tris-HCl, 
pH 7.5, containing 1% Nonidet P-40, 150 mM NaCl, 
1 mM EGTA, 1 mM EDTA and protease inhibitors) on 
ice for 30 min followed by centrifugation at 15,000 g 
and the supernatants were saved as detergent-soluble- 
membrane fraction.

Im m unoblotting  for PKC isozym es
Immunoblot analysis was performed as described pre-
viously (Yang et al., 1999). Proteins (10 µg) from 
cytosolic and membrane fractions were separated by 
7.5% SDS-PAGE and transferred to nitrocellulose mem-
brane by Semi-Dry Transfer Cell (Bio-Rad, Hercules, 
CA). The nitrocellulose sheet was blocked with 5% 
non-fat dry milk in Tris-buffered saline. PKC isozymes 
were detected with isozyme-specific monoclonal anti-
bodies for PKC-α and -ε isozymes (Transduction Lab, 
Lexington, KY). The blots were reacted with a per-
oxidase-conjugated anti-mouse IgG and detected by the 
Super Signal (Pierce, Rockford, IL). The density of re-
spective bands was analyzed by the Fluor-S (Bio-Rad, 
Hercules, CA). The data were represented as % controls.

RO S detection
Formation of ROS was elucidated by use of the fluo-
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rescent probe DCFH-DA. The detection method was 
adopted from Mariussen et al. Briefly, the cells were 
preincubated with DCFH-DA (5 µM), dissolved in 
methanol, at 37oC in 5% CO2 atmosphere for 20 min. 
DCFH readily reacts with ROS such as peroxynitrite 
(ONOO-) and lipid peroxides to the fluorescent DCF. 
The medium with the DCFH-DA was then removed, and 
the cells were added to 1.5 ml prewarmed Hepes- 
buffered (20 mM) HBSS (pH 7.4) with 5 mM glucose 
containing TCDD. The dishes were incubated for 15 
min at room temperature. Thereafter, the cells were 
gently removed from the dishes and transferred in 
triplicate to 250-µl wells (microtiter plate, 96 wells) for 
ROS measurement. The formation of the fluorescent 
oxidized derivative of DCFH, namely DCF (fluorescent 
at 530 nm), was monitored with a luminescence spec-
trometer (LB96V, Berthold) at 37oC for 180 min.

M easurem ent of intracellular free calcium  [Ca2+]ι in  
cerebellar granule cells
[Ca2+]ι was measured in a plate reader using the flu-
orescent Ca2+-sensitive probe fura-2/AM. The cells were 
cultured in chambers on coverslips. The cells prein-
cubated with fura-2/AM were treated with TCDD in 
standard saline solution. Excitations were obtained from 
filters at 340 nm and 380 nm and emission was at 510 
nm. [Ca2+]ι was estimated using the equation previously 
described (Lipton and Nicotera, 1998).

Statistics
The data were analyzed by one way analysis of 
variance followed by Tukey's multiple comparison test. 
The significance was set at P ＜ 0.05.

R esu lts
Effects of TCDD on PKC
To determine a total PKC activity following TCDD ex-
posure, [3H]PDBu binding assay was performed. TCDD 
induced a dose-dependent increase of [3H]PDBu bind-
ing. The increase was significant from 1 nM with a 
maximum of 2 fold increase at 10 nM. However, α- 
naphthoflavone (α-NF), an AhR blocker, inhibited the 
increase, indicating that the induction was AhR-de-
pendent (Table 1). Subsequent experiments analyzed 
the effects of TCDD on [3H]PDBu binding in absence 
or presence of MK-801, a non-competitive NMDA an-
tagonist. While the effects of TCDD and glutamate 
appeared to be additive, MK-801 did not interfere with 
TCDD-induced increase of the binding. It is suggested 
that TCDD effects on [3H]PDBu binding are not medi-
ated via the NMDA receptor (Figure 1).

Subcellu lar changes in  PKC isozym es
To examine effects of TCDD on PKC isozymes, im-
munoblot analysis was performed. The cells were frac-
tionated and subsequently immunoblotted against the 
PKC-α and -ε monoclonal antibodies. When 1 nM and 
10 nM TCDD were exposed, translocations of PKC-α 
and -ε isozymes were observed in a dose-dependent 
manner (Figures 2A and 2B). When cells were pre-
treated with α-NF or/and verapamil, the translocation of 
PKC-α was blocked by α-NF only (Figure 3A). However, 
the translocation PKC-ε was not affected by either α-NF 
or verapamil (Figure 3B). The results suggest that the 
translocation of PKC-α and -ε is mediated via the 
AhR-dependent and the AhR-independent pathways, 
respectively, and that TCDD does not directly activate 
verapamil-sensitive calcium channels.

Figure  1 . Effects of TCDD and/or MK801 on glutamate-stimulated [3H]
phorbol ester binding in cerebellar granule cells. Values are mean ±
SD of four preparations. *significantly different from glutamate or
TCDD. **significantly different from TCDD.

Tab le  1 . [3H] PDBu binding in cerebellar granule cells following TCDD
exposure for 15 min in presence or absence of α-NF.
ꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚ

0.01 0.1 1 10 (nM)
ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
TCDD only  98±12 135±18 164±11* 190±15*

TCDD (nM) + 101±5 115±14 121±18 135±29
α-NF (10 µM)
ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ

F ig u re  2 . Effects of TCDD on subcellular distribution of PKC-α  (A)
and PKC-ε  (B) following 15min exposure. Representative profiles of
immunoblots from four separate experiments were given.



TCDD effect in neuronal cells  61

Effects of TC D D  on R O S production
TCDD showed a dose-dependent increase in ROS 
production (Figure 4A). A significant production of ROS 
was detected from 0.1 nM TCDD with the maximum 
of 3 fold increase at 10 nM. Increased production was 
dampened with the treatment of various protective 
compounds (Figure 4B). Blockage of the TCDD-induced 
ROS production was most significant by U0126, a 
MEK-1/2 inhibitor, and followed by MK-801 and vitamin 
E. The absence of extracellular free calcium seemed 
to affect the production in a moderate way. However, 
α-NF did not seem to affect the production, suggesting 
that the ROS production may be AhR-independent.

Changes in  intracellu lar calcium  concentrations
Since increased [Ca2+]ι may be involved in formation 
of reactive oxygen species (Berridge and Bootman, 
2000), intracellular calcium levels following TCDD ex-

F ig u re  3 . Effects of TCDD on subcellular distribution of PKC-α  (A)
and PKC-ε  (B) in SD rat cerebellar granule cells in presense of
α -naphthoflavone (α -NF) or Verapamil.

F ig u re  4 . Relative fluorescence as a measure for formation of ROS
in cerebellar granule cells following TCDD exposure (A) and in
combination with U0126, calcium-free medium, α -NF, vitamin E and
MK 801 (B).

F ig u re  5 . Increase of intracellular calcium concentration after 15 min
exposure to the respective TCDD doses. Four separate experiments
were carried out for each concentration.
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posure were measured. It showed that TCDD induced 
a dose-dependent increase in [Ca2+]ι in cerebellar gra-
nule cells (Figure 5).

D iscussion
PKCs are abundant in neuronal tissue and are involved 
in neuronal survival and functions of neuronal trophic 
factors, suggesting a crucial role for PKC in the signal 
transduction between neurons and the etiology of the 
neuronal diseases (Matsushima et al., 1996). Since 
functional roles and subcelluar distributions of individual 
PKC isozymes are isozyme-specific (Nishizuka, 1988), 
identification of specific isozymes targeted for TCDD is 
required to understand the role of PKC in the TCDD- 
induced neurotoxicity.
  [3H]PDBu binding assay indicated that TCDD acti-
vates PKC in cerebellar granule cells in an AhR-de-
pendent fashion. It provided the evidence that TCDD 
interferes with the PKC signaling pathways. It is re-
ported that the induction of [3H]PDBu binding in neu-
ronal cells following the PCB exposures requires the 
presence of extracellular calcium (Kodavanti et al., 
1994). Since extracellular calcium is an important factor 
on [3H]PDBu binding in the cerebellar granule cells, we 
examined a potential route of calcium influx via the 
NMDA receptor, which is known to mediate calcium 
entry. MK-801 blocked the effects of glutamate on 
[3H]PDBu binding, but was ineffective against TCDD- 
induced increase (Figure 1). The results indicate that 
TCDD and glutamate may act by the separate mecha-
nism and the NMDA receptor may not be directly 
involved in the calcium influx required for [3H]PDBu 
binding.
  Immunoblot analysis revealed that translocations of 
PKC-α from cytosol to memebrane fractions were in-
creased in a dose-dependent manner. PKC-α is selec-
tively associated with lithium-induced memory impair-
ments (Manji et al., 1993). Translocation of PKC-α has 
been associated with long-term potentiation (LTP) in a 
hippocampus region (Son et al., 1996). A significant 
translocation of PKC-α in this study suggests that this 
particular isozyme may be involved in the TCDD-altered 
signal transduction pathway. In addition, since PKC-α 
is Ca2+-dependent isozyme, the translocation may be 
mediated by the increased free calcium from the ex-
posure of TCDD as shown in Figure 5. However, the 
treatment of verapamil ruled out the involvement of the 
voltage-sensitive calcium channel (Figure 3A). Further 
studies with the additional pharmacological agents are 
warranted in the future to identify the route of extra-
cellular calcium entry associated with the TCDD-in-
duced PKC activation.
  Ca2+-independent forms of PKC are suggested to be 
involved in the different cellular functions than Ca2+-de-
pendent forms (Konno et al., 1989). Although the 
physiological roles of Ca2+-independent forms have not 
been fully clarified, it is known that PKC-ε is most 
abundant in the brain and present mainly in the pre-
synaptic component (Saito et al., 1993). This form has 

been suggested to be a candidate isozyme associated 
with this presynaptic mechanism of LTP (Herreo et al., 
1992). Since PKC-ε has been associated with a variety 
of pivotal biological events in neuronal cells, it is fea-
sible that altered subcellular distribution of this particular 
isozyme may play important roles in the TCDD-induced 
neurotoxicity. It is of particular interest to note that the 
translocation of PKC-ε was not blocked by the AhR 
blocker, indicating that certain isozymes of PKC may 
be activated independent of the AhR. Although TCDD 
is known to affect a total PKC activity, isozyme-specific 
PKC profiles following the TCDD exposure has not 
been determined so far. It is believed that this is the 
first report demonstrating the subcellular changes of 
PKC isozyme profiles for TCDD exposure. A significant 
translocation of PKC-ε in this study further suggests 
that the TCDD-induced neurochemical changes may be, 
at least in part, mediated via calcium-independent 
pathway. Since neurochemical changes following TCDD 
or neuroactive PCB exposures have been observed 
only in the presence of extracellular calcium and most 
of neurochemical events have been considered Ca2+- 
dependent (Kodavanti et al., 1994), altered subcellular 
distribution of the Ca2+-independent isozyme in this 
study may shed a new light in the mechanistic studies 
of TCDD-induced neurotoxicity.
  While the functional roles of PKC-α and -ε in the 
cerebellar granule cells are not clear, altered subcellular 
distribution of these isozymes may cause the disruption 
of normal signal pathways in the developing brain, 
which ultimately may lead to motor dysfunction and 
cognitive deficits. In addition, since these isozymes 
demonstrated a good dose-response relationship upon 
TCDD exposure, it is suggested that they may be 
intracellular target molecules sensitive for the exposure 
of TCDD and related chemicals.
  The involvement of ROS formation in TCDD-induced 
toxicity was assayed using the fluorescence probe 
DCFH-DA. This is a sensitive and rapid method, which 
is well suited for detecting overall oxidative stress after 
stimulation with ROS-forming compounds in low con-
centrations (Possel et al., 1997; Myhre et al., 2000). 
TCDD induced production of ROS in a dose-dependent 
manner. Vitamin E decreased the TCDD-mediated in-
crease in ROS production by 48%. This may be attri-
buted to its properties as an antioxidant, making less 
ROS available for reaction with DCFH (Packer et al., 
2001). ROS reduction by vitamin E further confirms the 
free radicals generated by TCDD exposure.
  The NMDA receptor has been associated with glu-
tamate excitotoxicity and free radical formation (Ankar-
crona et al., 1995; Lipton and Nicotera, 1998). NMDA 
receptor activation may induce a fast and sustained 
increase in intracellular Ca2+ level (Reynolds and 
Hastings 1995). Since the increase in ROS formation 
by TCDD was decreased by approximately 54% with 
MK-801 and TCDD increased the intracellular Ca2+ 
levels, it is suggested that TCDD affects the NMDA 
receptor, which by activation may cause a sustained 
elevation of the intracellular Ca2+ level in the neuron 
followed by ROS formation. U0126 also decreased 
ROS formation by 60%, speculating that activation of 
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ERK-1/2 in MAPKinase pathway may be involved. The 
absence of extracellular calcium seemed to dampen the 
ROS production, indicating that calcium is an important 
factor for ROS formation. However, α-NF did not seem 
to affect the TCDD-induced ROS production, suggesting 
that ROS formation in cerebellar granule cells may be 
AhR-independent. 
  While most of TCDD-mediated biological responses 
are AhR-dependent, AhR-independent pathways have 
been suggested in recent studies (Hoffer et al., 1996; 
Yang and Kodavanti, 2001; Butler, et al., 2004). The 
ROS production and PKC-ε translocation by TCDD 
further support the evidence that the AhR-independent 
pathways may play pivotal roles in the neuronal cells. 
Since the health risk assessment of most environmental 
pollutants is based on the AhR-mediated mechanism of 
action, whether the responses are AhR-dependent or 
not is a critical factor in the evaluation of environmental 
toxic chemicals such dioxins and other structurally re-
lated compounds. The compounds that do not show the 
association with the AhR on their mechanisms of action 
have been neglected in the risk assessment processes. 
Our findings clearly demonstrated that ROS formation 
and PKC-ε translocation by TCDD in neuronal cells 
were independent of the AhR. Therefore, these neu-
roactive effects are not properly assessed under the 
current risk evaluation concept. The present study pro-
vided a scientific basis that a new concept of risk 
assessment incorporating the AhR-independent mecha-
nisms of action should be developed to assess the 
neurotoxic effects of the compounds with more ac-
curacy.
  This study revealed that TCDD is directly involved 
in the alteration of the PKC signaling pathway and the 
ROS production in neuronal cells, which may contribute 
to understanding of TCDD-related neurotoxicity. More-
over, identification of intracellular target molecules such 
as PKC-α and -ε for TCDD and related compounds may 
contribute to a better risk assessment of neurotoxicants 
in humans as well as in our environment.
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