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Abstract

Axonal degeneration is a common pathological change of neurogenical disease which often arises

before the neuron death. But it had not found any effective method to protect axon from degeneration.
In this study we intended to confirm the protective effect of nicotinamide adenine dinucleotide (NAD),
investigate the optimal administration dosage and time of NAD, and identify the relationship between
silence signal regulating factor 1 (SIRT1) and axonal degeneration. An axonal degeneration model was
established using dorsal root ganglion (DRG) neurons injured by vincristine to observe the protective
effects of NAD to the injured axons. In addition, the potential contribution of the SIRT1 in axonal
degeneration was also investigated. Through the 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay, immunochemistry staining, axons counting and length measuring, transmission
electron microscope (TEM) observation, we demonstrated that NAD played an important role in pre-
venting axonal degeneration. Further study revealed that the expression of SIRT1 and phosphorylated
Aktl (p-Aktl) was up-regulated when NAD was added into the culturing medium. Taking together, our

results demonstrated that NAD might delay the axonal degeneration through SIRT1/Aktl pathways.
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Introduction

Axonal degeneration is a common pathological
change of neurogenical disease, which often occurs
in diseases such as nerve injury, neurotoxic injury,
neurodegeneration and amyotrophic lateral sclerosis
(17). As a presymptom, axonal degeneration often
arises before the neuron death. In progressively neu-
rodegenerative diseases, axonal degeneration can ac-
tivate the upstream mechanism of the neuron death,
and cause the functional disturbance of neurons (29).

Several studies demonstrated that inhibiting or delaying
the axonal degeneration might promote the survival
and regeneration of neuron and the re-establishment
of nerve function (7), suggesting that the methods to
prevent or delay axonal degeneration would provide
a new therapy strategy for nerve injuries and neuro-
degenerative discases.

Increasing evidence has demonstrated that ax-
onal degeneration was not a passive process induced
by the loss of the trophic effect from the neuron soma,
but a unique self-destructive process (2). The dis-
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covery of Wallerian degeneration slow mice (Wld®
mice) further evidenced that axonal degeneration was
an active process determined by axon immanent pro-
cedure. As gene natural mutation mice, when axons
of WId® mice are cut off, the axonal degeneration
time is longer than the normal mice and the axons
exhibit prolonged survival (4, 17). Although large
amount of works have focused on it, the mechanism
of axonal degeneration is still not clear to date. The
effective methods of protecting axon and inhibiting
degeneration still have not been found yet. Vincris-
tine is a frequently-used cancer chemotherapeutic re-
agent, which also commonly used to establish axon
degeneration model (4, 30).

Since the discovery of the W1d® mice, the studies
of the mechanisms of axonal degeneration focused in
them. It was evidenced that the mutant gene of W1d®
mice was mediated by Nmnatl, which was a key en-
zyme of Nicotinamide Adenine Dinucleotide (NAD)
(1). NAD is an essential coenzyme participating in
the electron transfer system of the mitochondria and
could delay axonal degenerations caused by various
neurodegenerative injuries (31). In mammalian cells,
NAD is synthesized from multiple precursors, such
as tryptophan, nicotinic acid, nicotinamide, and nico-
tinamide riboside (NmR), and plays determinant roles
in a number of biological functions, including cell dif-
ferentiation, apoptosis and chromatin stability (8, 30).
In the mitochondria, NAD involves in energy metab-
olism, while in the nucleus NAD could regulate DNA
repair and transcription (19). NAD also has signifi-
cant effects on other biology processes, such as an-
tioxygen, oxidative stress, cell senescence and so on
(21). Interestingly, it was also reported that exog-
enous application of the NAD precursors could also
delay the axonal degeneration (27). Therefore, much
of effort has been focused on the neuroprotective
properties of NAD.

Silence signal regulating factor 1 (SIRT1) is an
NAD dependent deacetylase participating in the reg-
ulation of genetic transcription, energy metabolism
and cell aging progress (11, 15). Through deacetylat-
ing protein targets, SIRT1 could influence the activity
of plenty transcription factors, such as forkhead-
box transcription factors (FOXOs), peroxisome pro-
liferator-activated receptor y (PPAR y) and nuclear
factor-kB (NF-kB), control inflammatory processes,
stress responses, apoptosis, axonal degeneration, and
delay the development of Alzheimer’s disease (AD) (9,
32). But the evidences about whether SIRT1 partic-
ipates in the protective process of NAD remain poor.
Emerging evidence suggests that SIRT1 can modulated
protein kinase B (PKB/Akt), a kind of serine/threonine
kinase regulating through phosphatidylinositol-3-
kinase (PI3K)-mediated signaling, which can inhibit
neuron apoptosis (35), accelerate axonal regeneration

(24), and promoting axon elongation and branching
(20).

Herein, in this study we intend to confirm the
axonal protective effect of NAD, investigate the op-
timal administration dosage and time of NAD, and
identify the relationship between SIRT1 and axonal
degeneration on an axonal degeneration model es-
tablished using dorsal root ganglion (DRG) neurons
injured by vincristine.

Materials and Methods
Animals and Materials

Polylysine, 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT), and dimethyl sul-
foxide (DMSO) were purchased from Sigma-Aldrich
Inc. (St. Louis, MO, USA). Dulbecco’s Modified
Eagle Medium with F-12 supplement (DMEM/F12,
1:1), fetal bovine serum were provided by Hyclone
Company (Logan, UT, USA). B27 supplement was
purchased from Invitrogen (Grand Island, NY, USA);
NF200 antibody (mouse anti-NF200) was purchased
from Sigma (St. Louis, MO, USA).

De novo Wistar rat aged 1~3 days, were obtained
from laboratory animal center of Shandong university
(Jinan, Shandong, China). All procedures involving
animal handling employed in this study were per-
formed following the Guidelines of the Animal Care
and Use Committee of Shandong University and under
a valid institutional animal protocol.

Primary Cultures of DRG Neurons

DRG neuron were isolated from de novo Wistar
rat aged 1~3 days as described previously (13, 16).
Briefly, rats were degermed with 75% alcohol and
killed by decapitation with sharp scissors. Ganglia
were dissected from the thoracic and lumbar regions,
plated into 24-well plates coated with poly-D-lysine,
and cultured in DMEM/F12(1:1) media with 5% fetal
bovine serum, 20 pl/ml 1 x B-27, 100 U/ml penicillin,
100 pg/ml streptomycin at 37°C with 5% CO, with
media change the second day. Nonneuronal cells were
removed from the cultures by adding 10 uM cytara-
bine to the culture media 24 h after incubation.

Establishment of Axonal Degeneration Model

Vincristine sulfate salt (Sigma-Aldrich, St. Louis,
MO, USA) was dissolved in culture medium, filtered
through a 0.22 um filter (Millipore, Billerica, MA,
USA), and stored at —20°C. After 5 days of culture,
DRG neurons were incubated with vincristine at dif-
ferent concentrations (5, 10, and 50 uM) and exam-
ined under an invert microscope at 4, 8, 12, and 24 h
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after the treatment. In normal control group, DRG
neurons were treated with nothing.

Protective Effect of NAD on DRG Neurons

DRG neurons were assigned into five groups and
treated [1] with 10 uM vincristine in vincristine injury
group [2] with 0.5 mM NAD 24 h prior to treatment
with 10 uM vincristine [3] with 1.0 mM NAD 24 h prior
to treatment with 10 uM vincristine, [4] with 2.0 mM
NAD 24 h prior to treatment with 10 uM vincristine,
and [5] with nothing in normal control group. 12 or
24 h later, the DRG neurons in all groups were col-
lected and subjected to various examinations.

In the following experiment, we use 1.0 mM NAD
preincubated with 24 h as the protect group.

MTT Assay

DRGs harvested from each rat were treated with
0.25% trypsin for 1 h at 37°C and dissociated phy-
sically by pipetting. Cells were resuspended and plated
into 96-well plates coated with poly-D-lysine at a
density of 3 x 10° cells/cm?. The plates were placed
in a humidified 5% CO, incubator, 37°C for 5 days.
Then DRG neurons were treated as described above.
Viability of DRG neurons was determined using MTT
assay. Briefly, DRG neurons in each well of 96-well
plates were incubated with 0.5 mg/ml MTT at 37°C
for 4 h. After gently aspirating medium, 100 uL of
DMSO was added into each well and the plates were
shaken at room temperature for 10 min. The absorbance
of each well was determined using a microplate reader
(Multiskan MK3, Thermo Labsystems, Philadelphia,
PA, USA) at a wavelength of 570 nm (A570) to quantify
cell viability.

Neurofilament (NF) Immunocytochemical Staining

Immunocytochemical staining was performed
according to the manufacturer’s instructions. Firstly,
cells and spheres attached to coverslips were fixed in
4% paraformaldehyde for 30 min at room tempera-
ture. Then the cells were washed with 0.1 M PBS for
5 min and permeabilized with 0.5% Tritonx-100-PBS
for 30 min at room temperature. After washed with
PBS for 2 times, the cells were blocked with 10%
normal serum equinum for 60 min, and incubated over-
night with rabbit anti-neurofilament medium NF200
(diluted 1:200, Boster Biological Technology, Wuhan,
Hubei, PRC) at 4°C. After three times washes with
PBS, cells were treated with fluorescein isothiocya-
nate (fitc),which was labeled anti-rabbit IgG for 2 h
at 37°C, then observed with a Zeiss 780 laser scan-
ning confocal microscope (Carl Zeiss SAS, Jena,
Germany).

Measurement of Neurite Number

After NF Immunocytochemical staining, images
of the cultured DRG neurons in the normal group, the
injury group and NAD protection groups were ob-
tained with an inverted phase contrast microscope.
For counting the numbers of survival neurites, six
randomly selected fields from three different wells at
each time point were observed. The numbers of sur-
vival neurites on each coded photomicrographs were
measured using IPP image analysis software. The
results were analyzed statistically.

Transmission Electron Microscopy (TEM)
Morphological Analysis

The DRG cells were scraped, centrifugated at
30,000 g for 10 min at room temperature, and fixed
with 2.5% glutaraldehyde for 24 h, then washed
with phosphorus acid for three times, followed by
fixed with 1% osmium acid for 2 h at 4°C. The cells
were dehydrated with ethanol in increments of 10%
from 50% up to 90%, for 10 min of each concentra-
tion. After these, the specimens were further dehy-
drated twice with 100% ethanol for 10 min respectively.
Following dehydration, the DRG cells were infiltrated
with increasing amounts of epon to ethanol (from 1:1
to 3:1), each for 30 min. After imbedded with pure
epon, semi- thin slice ultrathin sections were cut and
dyed with uranium acetate and lead citrate. The TEM
images of the nanocrystals were acquired on a Philips
CM electron microscope operating at 10000 kV.

Semiquantitative Reverse Transcripase-Polymerase
Chain Reaction (RT-PCR) for Detection of the mRNA
Levels of SIRT1

After treated with different drugs for 24 h, the
cultured DRG neurons were collected, and total RNA
was isolated using Trizol (Invitrogen, Carlsbad, CA,
USA). Next the same amount of total RNA in each
sample was used as the template for cDNA synthesis
using cDNA synthesis kit (Takara) according to the
manufacturer’s instructions. The primers sequence
for SIRT1 and B-actin were as follows: SIRT1
5'-ACTGGAAAATAGATTGTCTTC-3' (antisense)
and 5'-TCTGTGATTGCTACACTTGTA-3" (sense).
B-actin 5'-GAGGCGTACAGGGATAGCAC-3' (an-
tisense) and 5'-GAGGGCATGGGTCAGAAG-3’
(sense). The predicted size of the amplified SIRT1
and B-actin DNA products were 734 bp and 302 bp,
respectively.

The PCR was performed at the conditions of
94°C for 2 min, followed by 30 cycles of 94°C for 30 s,
55°C for 30 s and 72°C for 1 min, and a final 50 sec at
72°C. The PCR products were electrophoresed through
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a 2% agarose gel. Gels were stained with ethidium
bromide, and photographed under ultraviolet light.
Then the photographs and electrophoresis gel image
were analysized using Totallab image software.

Western Blotting Analysis for Detection of the
Protein Levels of SIRTI and Aktl

The protein levels of SIRT1 at different exper-
imental conditions were analyzed using Western blot
assay, with B-actin as an internal control. Western blot
was performed using a standard procedure as sug-
gested by Cell Signaling Technology. The dilutions
of the primary antibodies were as follows: 1:1,000
for anti-SIRT1 (Santa Cruz Biotechnology, Inc., Santa
Cruz, CA, USA) antibodies, and 1:1,000 for anti-
phophorylated Aktl (Cell Signaling Technology,
Danvers, MA, USA) antibodies.

Statistical Analysis

Results were expressed as means + S.E.M. for
three or more independent experiments. Statistical
significance was estimated by analysis of variance
(ANOVA) followed by Student-Newman-Keuls test
for comparison of several groups. P < 0.05 was con-
sidered statistically significant.

Results
Establishment of Axonal Degeneration Model

As shown in Fig. 1A, five days after culturing,
DRG cells exhibited great quantity axons of different
length. The axons appeared straight and upright.
While when treated with vincristine of different con-
centrations (5, 10, and 50 uM), the axons of DRG
neurons exhibited varying degrees of damages. Ex-
posed to 5 uM vincristine, the neuron morphology
exhibited little changes, while when treated with 10
uM vincristine, the axons started swelling from distal
end, then retracting and mutilating after 4 h (Fig. 1B).
8 h after exposed to 10 uM vincristine, the axons were
significantly insulted and condensed into different
size of separating bullules (Fig. 1C). The axons mor-
phology had severity destruction after 12 h. After
exposed to 50 uM vincristine for 8 h, nearly all axons
degenerated and disappeared. There were large amount
of debris could be found in the medium. Therefore, 10
uM concentration groups have the manifest axonal
degeneration.

The Protection of NAD Preventing the Axonal
Degeneration

To assess the impact of NAD on vincristine-

Fig. 1. Vincristine induced damages to DRG neurons. (A) DRG
neurons cultured in DMEM/F12 (1:1) media exhibited
great quantity axons of different length. The axons ap-
peared straight and upright. (B) Four hours after treated
with 10 uM vincristine, the axons started swelling from
distal end and bullules could be observed along the axons.
(C) Eight hours after exposed to 10 uM vincristine, the
axons were significantly insulted and condensed into
amounts of separating bullules. Scale bars: A-C, 50 ym.

induced axonal degeneration, the DRG explants were
pre-incubated with NAD of different concentrations
(0.5, 1.0, and 2.0 mM) for 24 h, before the addition
of 10 uM vincristine. 0.5 mM NAD treatment had no
obvious protective effect, as the axons swelled, re-
tracted and condensed into many bullules 12 h after
adding vincristine. Pre-incubated with 1.0 mM NAD
could delay the axonal degeneration. The axons still
kept integrity 24 h after adding vincristine with few
bullules (Fig. 2B). Interestingly, 2.0 mM NAD ex-
hibited little protective effect. The distal end of the
axon suffered little degeneration 12 h after vincristine
treatment, but after 24 h the axons started subject to
critical breakdown (Fig. 2C), and after 36 h there
were nearly no intact structure left. The results of
MTT assays further verified that 1.0 mM NAD pre-
incubate for 24 h increased cell viability and atten-
uated vincristine-induced axonal degeneration (P <
0.01, Fig. 2D).

NAD Antagonizes the Damage of Vincristine
on Axon Outgrowth

In order to further detect the growth and degen-
eration of axons injured by vincristine and confirm
the protective effects of NAD, NF200 axonal specific
immunofluorescence dyeing (IMF) was performed,
and the number of survival neuron axons was mea-
sured in each group (Fig. 3). In normal control group,
DRG explants gave out a large number of radial pro-
jections to the peripheral area. The axons of DRG
neurons exhibited straight and upright, and arranged
orderly. In the distal segment, axons gathered to form
lace-like network (Fig. 3A). When treated with vin-
cristine, the DRG explants sent few axons which were
much shorter and rarefaction arranged (Fig. 3B). While
pre-incubated with NAD could evidently improve these
changes (Fig. 3C). As shown in Fig. 3D, in vincris-
tine injury group the axonal number was obviously
decreased as compared with control group (P < 0.01).
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Fig. 2. NAD protected DRG neurons from vincristine induced axonal degeneration. (A) DRG explants of vincristine injury group with
amounts of bullules along the axons. (B-C) The DRG explants treated with 1 mM (B), 2 mM (C) NAD, respectively. 1 mM NAD
exerted protective effects against vincristine damage. The axons still kept integrity 24 h after adding vincristine with few bullules
(B). But 2.0 mM NAD exhibited little protective effect (C). Cell viability was further assessed by MTT assays (D). OD values
represent means + SD from five independent experiments. **P < 0.01 vs. vincristine injury group. Scale bars: A-C, 100 um.

While pre-incubate with NAD could enhance axonal
number (P < 0.01).

The Results of TEM

TEM detection showed that compared with DRG
explants five days after culturing (Fig. 4A), the smooth
endoplasmic reticulum (SER) of axons exposed to 10
uM vincristine dilated and formed vacuoles, the normal
vesicular framework elongated, and formed compact
accumulation as the increase of the vacuoles. Mean-
while, the number of normal neurofilament decreased
and some of them turned to be granular fragments
(Fig. 4B). While pre-incubated for 24 h with 1.0 mM
NAD, there were less myelin bodies could be found,
the neurofilament arranged parallelly, and axons swell-
ing became lighter (Fig. 4C).

NAD Averts Axonal Degeneration through SIRT1/Aktl
Pathway

To explore the protective mechanisms of NAD
against vincristine induced axonal degeneration,
Semiquantitative RT-PCR and Western blotting were
carried out to detect the expression of SIRT1 in DRG
neurons treated with vincristine after pre-incubation
with or without NAD. The results of RT-PCR showed
that the expression of SIRT1 mRNA was obviously
decreased in vincristine injury group, and these de-
creases were markedly reversed by pre-incubation
with NAD (Fig. 5A, P <0.01). Consistent with the
change of mRNA, Western blot showed that levels of
SIRT1 protein and p-Aktl were downregulated sig-
nificantly in DRG neurons treated with vincristine
and these decreases were reversed by pre-incubation
with NAD (Fig. 5, B, C and D, P < 0.01).

Discussion

It had been widely accepted that the self-
destruction of axons occur in many physiological and
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Fig. 3. Effects of vincristine and NAD on neurite outgrowth. (A-C) The photomicrographs of DRG neurons exposed to different drugs
with NF200 axonal specific immunofluorescence dyeing. (A) In normal control group, DRG explants gave out large numbers
of radial projections to the peripheral area. The axons were straight and upright, and arranged orderly. (B)When incubated
with vincristine, the DRG explants sent few axons which were short and arranged sparsely. (C) This negative effect to neurons
was dramatically blocked by pre-incubated with NAD. (D) Exposed to vincristine, the axonal number was obviously decreased
as compared with control group. While pre-incubate with NAD could enhance axonal number. “P < 0.05 vs. control group,
#P <0.01 vs. control group, *P < 0.05 vs. vincristine group, **P < 0.01 vs. vincristine injury group, (n = 5). Scale bars: A-C,
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. Changes of the ultrastructures of DRG neurons treated with vincristine and NAD. (A) Five days after culturing, the neurofila-

ment arranged parallelly and organelles could be found in the axoplasm DRG explants in control group. (B) Exposed to 10 uM
vincristine, the SER of axons dilated and formed vacuoles, the normal vesicular framework elongated, and formed compact
accumulation as the increase of the vacuoles. Meanwhile, the number of normal neurofilament decreased and some of them
turned to be granular fragments. (C) 24 h after pre-incubated with 1.0 mM NAD, there were less myelin bodies could be found,
the neurofilament arranged parallelly, and axons swelling became lighter.
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Fig. 5. NAD increased SIRT1 and p-Aktl expressions against vincristine treatment. Semiquantitative RT-PCR (A) and Western
blotting (B, C, D) were used to determine the expression. As shown in A, the mRNA expression of SIRT1 was significantly
decreased in neurons treated with vincristine. When pre-incubated with NAD, the down-regulated expressions were markedly
reversed. In B, C and D, the levels of SIRT1 protein and p-Aktl were significantly decreased in neurons treated with vin-
cristine and these decreases were reversed by pre-incubation with NAD. **P < 0.01 vs. vincristine injury group, (n = 3).

pathological settings, such as during development or
after injury (18, 26). This self-destruction is charac-
terized by breakdown of axonal microtubules (MTs)
and neurofilaments (NFs), and axonal fragmentation
(10). Given NAD" could delay axonal degeneration
after neuron injury in vitro (1, 27). Nevertheless,
these observations did not exactly reveal the mecha-
nisms acted in this process. Thus in the present study,
we used an axonal degeneration cell model to explore
the feasible function of NAD in axonal degeneration
and demonstrate that NAD played an important role in
preventing axonal degeneration. Further study found
that the expression of SIRT1 was up-regulated when
NAD was added into the culturing medium. All results
indicated that NAD might delay the axonal degenera-
tion through SIRT1 pathways.

Although vincristine is a well-known cancer che-
motherapeutic reagent, it also has well-characterized
axonal toxicity. Thus previous experiments had used
0.5 uM vincristine for up to 9 days to establish the
model of axonal injury (34). In this study we also
used vincristine of different concentration to establish
axonal degeneration cell model but found that exposed
to 5 uM vincristine had little effect on the neuron mor-

phology, even treated for 48 h. We speculate that the
difference with previous study might because the time
of duration was different. Our results also showed that,
when treated with 10 uM vincristine, the axons started
swelling from distal after 4 h and after 8 h the axons
were significantly insulted and obvious axon loss
could be observed. These results indicated that 10
uM vincristine was the suitable concentration, so we
established stable axonal degeneration with 10 uM
vinblastine.

As metabolic cofactor, NAD, as well as its pre-
cursors, its derivatives, and its metabolic enzymes,
played central roles in cellular metabolism and ener-
gy production (23, 33). It was involved in electron-
transport processes of energy metabolism, and could
regulate DNA repair and transcription in nucleus (1).
Numerous studies have suggested that NAD treatment
could prevent not only necrosis but also apoptosis
and autophagy (12, 25, 36). In this study, we observed
the effect of NAD in vincristine-induced nerve axonal
degeneration, and confirmed that NAD treatment could
increase cell viability and attenuated the axonal degen-
eration in a time-dependent manner. We also found
that pre-incubate with NAD could promote average
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axonal length and enhanced axonal number. NAD is
famous for its protective functions, one of which is to
delay axonal degenerations caused by various neuro-
degenerative injuries (31). In neurons, nicotinamide
mononucleotide adenylyltransferase 2 (NMAT?2), the
NAD-synthesizing enzyme, is transported along the
axon, and its catalytic activity participates in main-
taining axon viability. So synthesis and maintenance
of NAD concentrations is crucial to axon integrity (1).
It is also becoming clear that NAD is used as a sub-
strate of poly (ADP-ribose) polymerase (PARP) and
Sir2, and the levels of NAD can regulate SIRT1 ac-
tivity (8).

SIRT1, a member of silent information regula-
tor 2 protein family, is a deacetylase whose activity
is dependent on NAD and also is regulated by NAD
(14, 22). As a ‘NAD-consuming’ enzyme, SIRT1 is
involved in several cellular processes, including life-
span regulation, transcriptional silencing, DNA repair
and recombination (8). It was reported that SIRT1
was a critical protein for cell survival and could help
cells to resistant to oxidative stress or radiation-
induced stress (11). To further explore the underlying
mechanisms of NAD against vincristine induced ax-
onal degeneration, the expressions of SIRT1 and its
downstream molecule Aktl were examined in this study.
Our results showed that treatment with vincristine ob-
viously reduced SIRT1 and p-Aktl expressions, while,
when pre-incubated with NAD, the down-regulated
expressions were markedly reversed. SIRT1 can be
activated by several small-molecule compounds, in-
cluding resveratrol (3), quercetin, curcumin, and cate-
chins (6). Moreover, neurons treated with resveratrol
prior to axotomy exhibited a decrease in axonal deg-
radation (1). Another recent study also demonstrated
the protective effect of resveratrol against Wallerian
degeneration by activating SIRT1 (5). Recent studies
demonstrated that SIRT1 could play a critical role in
survival of degenerative human nucleus pulposus (NP)
cells through activating Akt anti-apoptotic signaling
pathway (28). Our finding also indicated that SIRT1
might participate in the axonal protection mediated by
NAD through Akt anti-apoptotic signaling pathway.

Although NAD, SIRT1 and Aktl participate in
the axonal degeneration, but the precisely mechanism of
NAD-SIRT1-Aktl pathway has not been shown. Fur-
ther study about the NAD-SIRT1-Aktl pathway will
help to provide insight into the mechanism of neuro-
pathies.
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