CHAPTER IV

RESULTS
1. P19 cell differentiation

P19 embryonal carcinoma cells grew rapidly in culture as “packed

colonies”. Although cells with processes were observed occasionally, undifferentiated
la Wharactenstuc cuboidal morphology
JOR: predomlnantly homogeneous

morphology characterized al ‘yto sm--d-ﬂtmct nucleoli (Figure 1A).

cells grew to be densely packed,

evidence on phase contrast

Neuronal differentiation was initiated by ire ith all-trans retinoic acid (RA).

By the second day of the RA

\
2re treated with 1 uM RA for 4

ates or embryoid bodies
(EBs) were formed (Figure 1B)
days, dissociated, replated, a an aye issue culture dishes or 24-_
well plates which treatmentawit M Ata-Ceéli onneuronal cell growth and
cell viability and morphologica ' At day 2 after plating,
neuronal processes or neurites appeé: d-in som S | gure 1C). At day 4, neuronal
cells began to dominate the cult ' me the cells developed numerous
long processes ,»- : ._',....:..:.....:...,.._:..,,. dhe network of neuronal

RY )

.
processes appeared (Figure vere uniformly spread and

were interconnected by e nsive network of neurites remarkKable increase in networks

TR SV NYNT

W|thm 24 h of plating, a flat layer of futmblast—hke cellw|grated out of
the peripheﬂoﬁqu&batﬂwwwq;@ Wﬂa’:i]w@e&r}m-like cells
appeared wh%se processes grew rapidly from the aggregates over the fibroblast-like
cell layer. After days 4-5 of plating, a population of glial cells initially appeared at the
junction of the fibroblast-like monolayer and increased rapidly. Thus, RA-treated
cultures contained three distinct cell types, neuron-like cells, glial-like cells, and
fibroblast-like cells. Undifferentiated cells were flat, round in shape and devoid of
neurites. Following 4 days exposure to 1 uM RA, the majority of cells exhibited neuron-

like morphology. P19 cells were induced to differentiate along the neuroectodermal
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pathway by culturing free-floating EBs in RA. After 4 days, EBs were plated into tissue-
culture dishes, whereupon extensive morphological differentiation occurred. Neurons
were distinguished as phase-bright rounded cells with extended processes. The
number of nonneuronal cells steadily declined upon treatment with 20 uM of AraC. This
treatment was selective for retaining postmitotic neurons and resulted in highly enriched
neuronal populations.  Glial and other nonneuronal cells were often seen beneath

neuron-like cells and appeared as flattene nphase-bright cells which were mostly

observed on NLCs without the treatmen igure 1F). Dense aggregate of
neuronal cell bodies formed=multifoc { ints" of the networks were
specifically stained by cres

2).

process of neuron (Figure

2. Acetylcholineresterase as

P19 cells did hibit AGhEactivity, However, after aggregation with
RA and plating for morphol ‘

increasing levels AChE activity i Hom ‘ ' ndifferentiated cells exhibited

no or only a small amount of AChE, M mU/mg of protein. At day 2 after the

_..—_';.-’u-‘..-*rJ b a =

RA at'a concentration n of 1 pMllevei§ of ACE activity were

treatment of cells with

treatment (Figure 3 ﬂeﬁd %w ifferentiation by plating
onto the tissue cﬂ ﬁ ﬂ:ﬂﬁ 4- %jglﬁ AChE activity was
observed iﬁ I 0 ﬁ earance of
morphologlc ﬁ algﬂﬁ{ pil ﬁ Ij:ﬁpﬁ Ej ’1 hE activity
at day 5 after plating increased continuously to 20.18 & 0.83 mU/mg of protein, and
reached the plateau at in day 7. In contrast, in the absence of RA treatment, the level of
ACHE activity in undifferentiated aggregated cells at day 4 was only 0.131 * 0.011
mU/mg of protein and was maintained at that level even though at after plating. The
differentiation of P19 cells into NLCs and the expression of the AChE specific activity

were dependent on the concentration of RA present in the culture medium as shown in

Figure 3, which was the response of EBs and NLCs to RA at a concentration of 0.1 pM.
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The optimization of the extent of neuronal differentiation in the culture was also
established using the RA treatment at the concentration of 1 uM (Figure 3). If EBs were
maintained in culture, the free floating aggregates expressed AChE activity but at a
lower level and appearing at later time than in the morphologicaliy differentiating
neuronal cells. Replating onto tissue-culture dishes was necessary to observe high
levels of cell-associated AChE activity in RA-treated, neuronally induced cells. The

temporal expression pattern of AChE in P19, cells was similar to that observed previously

ﬂ}/ differentiation. In cell line, there
3 rites initiation, accentuating

e ———
d Taylor, 1996).

in regardless of the inducer utilized
is a basal level of AChE activi

AChE's role in assembling mic

3. Effect of VPA and of VP

To verify th icity, VPA or VPU was
tested in the absence of A, xposed to VPA or VPU at
the concentration ranging fro ctivity in cell survival was
determined using the XTT reduc biue exclusion assay (Figure
4). The presence of VPA or VPU ion of 100 uM for 72 h did not
significantly decrease thm\it ol reg with the XTT assay by
97% and 94%, respectively: 2 réatment). Trypan blue

exclusion assay did not si@fica s oo abil@caused by 100 uM VPA
or VPU by 97% and 99%, respgctively. Thus, the,results indicated that both VPA and

i wor ot 8 BEEH DRI TN BRI Too0 v o ot

concentration of 10(% 1M slightly mcrea@ed the cell \/A.blllty when m@fured with the

XTT assay ﬂjwt@]ﬁwﬂc@mﬁw TINYQE
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Figure 1. P19 _embryonal carcinoma célls differentiated to ectodermal phenotype in

esporse etk 4 1) Plo detsudetanbryad ok (O 21 fthucs, ©) 4

9
days of NLCs, (E) 7 days of NLCs with the treatment of Ara C, and (F) 7 days of NLCs

without the treatment of Ara C. Scale bar = 50 um.



45

3 ¥ .
(C) 7 days of NLCs with the trgatmentiof Ara"ﬁ.,-__‘and (D) 7 days of NLCs without the
P aasss e
treatment of Ara C. Scale bar = 50 frm— -
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Figure 3. Specific AChE activitygin P ;_f‘%__. s under different culture conditions. EBs

Sy
were cultured with RA at the conces 0.1 and 1.0 uM for 6 days and
maintained as free-floating,aggrégatés. Aft ing- EBs, cells were plated

onto tissue culture y Ihe) specific AChE activity

increased indicating the differentiatic The results represented the

mean = S.E.M from triplicate experiments.
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4. Effect of AB,,, on neuron-like cells

4.1 AB,, induced neuronal toxicity in a concentration-dependent manner

Among various forms of B—amyloid peptide, AB,,, was found to be a major
cause in the pathogenesis of AD and was therefore used for the entired study. To test

the toxicity following the AB,,, treatment to NLCs, the concentration dependence and

the nature of the cytotoxic respon #y 4o Was established. The NLCs were

cultured at 37°C for 7 days forstabiliz an ish neurites before performing toxicity
p wer

e w following 7 days. Cells were

ng \‘-ﬁ. 0.1.to 10 uM for 24, 48, 72, and 96
\

assays. The cells of the Confrol Groi

exposed to AB, ,, at the caa

N

WE AS S

PV IINN

n ent of odll death was assayed by LDH

h. The measurement of tf

g sayed by the XTT reduction and

the trypan blue exclusiogi as 2

release in the culture medi

Using XTT reducti ncentration of 0.1 uM resulted in

Akl )
no difference in cell viability f om. ‘; "j‘ up (Figure 5). After 24 h incubation with
A, ,, at the concentrations of S,W ,‘_ M deereased the reduction of XTT to 66% and
1-42 . "’r \:’ T

50%, respectively. A§72 h ir goncentrations more than 0.1

e ‘ \a manner presenting with

1M decreased the X4
e results obtainem'om the trypan blue exclusion
assay (Figure 6 eﬁf ilar manner as'the XTT reduction assay with an EC, value
approximated éjj:ﬁ uﬁ(illhmgcm&m El:‘rised in a concentration
dependent manner.

AR TN INYE Y

§ The LDH release was observed only when cells were exposed to AB, ,, at

an EC,, value of 2.82 ;m (Figure 8).

the concentration greater than 1 pM for more than 48 h (Figure 7). We also observed a
concentration-dependent increase in the LDH release into the culture medium in the
AB, .-treated NLCs, giving an EC,, value of 5.62 uM, that was accompanied by a
decrease of XTT reduction values (Figure 8). Exposure of neurons to 5 uM AR, ,, for 72
h induced marked neuronal cell death associated with a considerable increase in the

LDH release by 65%.
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While the LDH release is an index of cell death, the XTT reduction is an
index of the cell survival. The results suggested that AB-induced toxicity measured as a
percentage of XTT reduction correlated with the percentage release of LDH. It
represents an excellent marker of metabolic compromise that ultimately leads to
neuronal degeneration and cell death. The ECg, values of each assay, suggested that

there were two phase in AB, ,, toxicity; an early phase inducible by low concentrations of

AB,., as detected by the XTT reduct' - and the late phase, which required high
concentrations of AB, ed by t € %ESG assay (Figure 8).

detectable for up to ﬁh. " enti ions of 1-10 uM, a marked
increase in the LDH in th9 medium started to rise after 48 h, with the most pronounced

s o0 S4B R A TG o rom . o

morphological ange was also ‘Qbserved mcludmg somal shnnkage plasma
memblﬁ Wﬁ‘ea&ﬂoﬁm m%mm ﬂd‘]aa E])osure to 5 uM
AB,,, wds obvious after 48 h, and remarkably reached the plateau at 72 h. The
increase in the LDH release after AB,,, treatment was not due to DMSO, since vehicle
treated cells received the equivalent amount of DMSO was not different from the control
(without DMSQ). The percentage of the basal LDH release of the control group and of
the vehicle-treated cells (0.01% DMSO) at 72 h were 18.35 & 3.124% and 17.99 *+

1.67%, respectively. An increase in the LDH release in the media was observed
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following 48 h incubation with AB,,, at the concentration grater than 1 uM, indicating

that AB,_,, was exerting a toxic effect.

The AB-induced degeneration resulted in obvious changes in neuronal
morphology, including swollen and beaded neurites, vacuolar inclusion, and cellular
collapse. The light and phase-contrast microscopy observation demonstrated that

addition of aggregated AP to differentiated cells resulted in decreased cell number and

2

succeeded by a significa in {the. meta ‘ ic activity as assayed by XTT, and

retraction of neurites as compal | cells alone (Figure 11D). These

degenerative events exhibit bservable morphological changes

typically beginning withi morphological changes were

eventually cell lysis as { release and the positive trypan blue
staining. |

The optimal ificant AB,_, toxicity in culture of
NLCs derived from P19 us we concluded that the AB,,,
treatment of NLCs was at a goncenirat an exposure time for at least 72 h
to induce neuronal toxicity and sed for the entired experiments

FHHH TN TN -s.c

neurotoxicity, tHg various concentratlons of valproates were comcubated with AB, ,, in
o TR MY
In the cdtreatment experiment, VPA or VPU at a concentration of 100 uM, added along
with the peptide for the additional 3-treatment-days significantly protected from
neurotoxicity and cell death induced by AB, ,,at a concentration of 5 uM. Using the XTT
reduction assay, VPA at the concentration of 100 uM, when treated with 5 uM AB, .
significantly enhanced cell survival to 63% of the control as shown in Figure 9A.
Additionally, VPU at the same concentration also enhanced cell viability to 77% of the

control. Trypan exclusion assay also showed the ability of VPA and VPU to increase cell
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viability to 63% and 70%, respectively (Figure 9B). For the detection of membrane
integrity by the LDH release assay, both VPA and VPU at the indicated concentraticn
reduced the release of LDH into the medium to 65% and 59%, respectively, while NLCs
treated with 5 uM AB, ,, alone exhibited 71% (Figure 9C). The toxicity induced by 5 uM
AB,4, in the presence of VPA was strongly reduced in a concentration-dependent
manner and the protective effect of VPA was significantly observed at a concentration of

100 uM. VPU at the concentration hi n 100 uM of VPU was not tested due to its

solubility limitation. However,. concentration of 50 uM significantly

reduced the release of L 9C). The addition of VPU to
d the survival of neurons, since

\\:\‘ ated and cellular reduction of

hen evaluated at 72 h post-

cultures simultaneously
both the release of L
XTT was maintained i
conce

ed

-IK, e

n response curve of VPA and

\1_4 AB,,,.- VPA protected NLCs
ation dependent manner. Across
assays, efficacy of VPU for rP fioR-oFneg Shal ival following 72 h of exposure to
AB,_,, ranged from approxmate € ,‘- wery as compared to vehicle controls and

Aer concentration (500-1000

”F to vehicle control. The
results indicated that @U was an VPA i{]]the prevention of the loss in

metabolic function and ménalrane damage. 4.

ﬂumwﬂmwmm

ha@—contrast m|croscop|c examlnatlon revealed that a majority of cells

when t t ?v O}Lﬂﬂ Er attached cells
appearﬂ round and shrunken (Figure he light m|croscop|c examlnatlon showed

different in cell morphology and degree of cell attachment between AB, ,, treatment and
cotreatment . Even in attached cells in AR, ,,—treated cultures, sign of cell injury were
evident. When the cotreatment with either VPA or VPU and AB,,, at the toxic
concentration, the sign of cell injury was markedly decreased. Under a microscopic
examination, most cells maintained normal shapes (Figures 11E and 11F). However, the

toxic influence of AB,_,, was not completely blocked by VPA and VPU.
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Figure 5. Changes in mitg ’ET ’\ ea »\-. by the XTT reduction assay,
oncentrations of AB,,,. The XTT

(O
in 7-day-old cultured neurogs treated with. ‘ i %

reduction assay was monitared r"“’; 4-h% during a 3-day exposure period.

Neurons with impaired mitoc ﬁr Al fune “Were unable to reduce the XTT dye
AT
effectively relative to_healthy T 1" preincubated for 72 h for “aging”

before addition to tf “;."""'"""'_'“"""‘“"""""“’“--‘ as evaluated 24-96 h after
addition of the peptid D 8 of F ',J' ee different experiments with

each experimental value Pemg the average of two trials. Error bars represented S.E.M
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Figure 6. Neurotoxicity i d with the various concentrations of

'.\'\\

monitored at 24-h intervals during .r osure period. Dead neurons internalize

AB,., as measured by assay. The neurotoxicity was

the dye. The AB,,, was preinc - .. \_for “aging” before addition to the cell

cultures. Neuronal {o» iCi addition of the peptide. Data

-

shown were the meab_of each experimental value being

the average of two trials. |Error bars rep d'S.E.M values.
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Figure 8. Concentration dependent AB, ,,-induced neuronal damage. Neuron-like cells
were incubated in the presence of increasing concentration of AB,,, for 72 h, and
neurotoxicity was measured by (A) cellular reduction of XTT (B) trypan blue exclusion,
and (C) LDH activity release into the culture medium. Results were the mean + SEEM.
from three independent experiments and expressed relative to the cells treated with

vehicle alone.
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compared with VPA against

AB,_,-induced toxicity in‘Cul red‘;«‘é@f&%‘r_i“ . . At day 7, cells were incubated
with 5 uM A, ,, in the abs ncé,er_*éf“ese ce ofiincreasing concentration of VPU or VPA
at 72 h peptide exposure (A-H:‘l%-e‘:'éfféc}f nd VPA on cellular reduction in XTT
was determined ang [ESSE of the reduction of vehicle

i ot
control cultures. (B) Ti' effect of VPU an ~induced cell damage assayed
‘ |

by trypan blue exclusnon (C) The effect of VPU and VPA on AB,-induced LDH

release. LDﬂ auaﬂ ?%Wﬁ%ﬁﬁrf‘tﬁhe total LDH release

(assigned as 100%). Data represented the mean = Statistical significance was

TR TRS TR TP YT A e o8 oo
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Figure 10. Concentration dependent manner of VPA and VPU on the protection of

neurotoxicity-induced by 5 uM AB,,,. The cell viability was determined by (A) XTT

reduction assay (B) trypan blue exclusion assay (C) LDH release.
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Figure 11¢ Pﬁﬁdmiéréyébhs"éhbwi'njg A[B, _42-‘i‘n‘dUce'd ‘héurbtpxic"ity ahd heuroprotective

effects of VPA and VPU. Phase contrast micrographs of neurons exposed for 72 h with
different treatments. (A) The control neurons incubated with vehicle only (0.01%
DMSO). (B) The control cells + VPA (100 uM). (C) The control cells + VPU (100 pM).
(D) The cells treated with AB, ,, (5 uM) alone. (E) The cells treated with AB, ,, (5 pM) in
the presence of 100 uM VPA. (F) The cells treated with AB,_,, (5 uM) in the presence of
100 uM VPU. Scale bar = 50 pm.
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5.2 Pretreatment with VPA or VPU on AB, ,—treated cells

In order to investigate the neuroprotective potential of VPA and VPU,
preincubation of the NLCs with each compound prior to AB,,, exposure were
performed. The NLCs were pretreated with VPU or VPA at a concentration of 100 pM for
3, 5 and 7 days and were then exposed to aggregated AB, ,, at a concentration of 5 uM
for 72 h. Cell viability was excellent in cells exposed to either VPU, VPA alone or DMSO
vehicle but greatly diminished in cells ? y - When the NLCs were exposed
to AB, ., the cell viability was sigai & etreatment of the cells with VPA

or VPU for 3 days prior to

Itered the degree of AB,,,-
induced loss of redox activi o alone the XTT reduction
decreased to 52% of the co .' eatme PA or VPU for 3 days, the
XTT reduction significantly in ". '- i % of the control, respectively (Figure
12A). However, when m assay, both VPA and VPU
did not affect the AB-indu h:(Figure, 12 The AB, ,,-induced LDH release
from NLCs (61%) was not change: L ) __ eat I‘ VPA (59%) or 1 mM Trolox

#E

(63%) (Figure 12C). Interestingly, reatment with VPU diminished the -

membrane damage-induced by :.. sUl ed the LDH release by 46%.

.‘q’ the extent of various

incubation periods was Qamine. with trg compounds for 5 days

protected the cells from dafhage induced byﬂﬁ when compared with the control

o, 0 x17 B Eh S EIINT T ELM Y Jeor of e convol

while 5 days- pretregllment with VPA or VRU were 68% 0r 77% of the coptrol, respectively
o R RAR VIS EALIR B somron
protection e?fect of both VPA (58%) and VPU (64%) on the AB-induced cell death
(Figure 12B). Effect of both VPA and VPU pretreatment on the alteration of membrane
integrity from AP, ,, was observed. The LDH release induced by AB,,, was 67% while
the pretreatment with VPA or VPU at the concentration of 100 uM, the LDH release was

significantly reduced to 59% (p<0.05) or 46% (p<0.01) respectively.
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The effect of pretreatment with VPA or VPU at a concentration of 100 uM for
7 days prior exposure to 5 pM AB,,, was determined. The XTT reduction of 7 days
pretreatment with either VPA or VPU was 56% or 62% respectively. Trypan blue
exclusion assay, cell viability was determined as 80% of control while pretreated with
either VPA or VPU for 7 days were 51% or 57%, respectively. LDH release into the

supernatant when treated with 5 pM of AB,,, alone was 73%. Pretreatment with VPA

n the LDH release in NLCs, however
w the release of LDH to 65%

.-J

was not associated with a marked redu ,‘

pretreatment with VPU could si

(Figure 12 C).

ed the loss of mitochondrial
integrity, the significant protecii ioL obtained from 3-days and 5-
days pretreatment. th VPA did not prevent the
mitochondrial damage i ort-term  pretreatment  of
cultured neurons with 100 pplication did not result in a
significant increasing in cellfviabili § 1 "_ assays of the trypan blue
exclusion and the LDH release.* Ol

days could protect cells from u@g /{

reduction and the LD

pretreatment with VPU for 3 -
casured by assays of the XTT
copy, most cells were
attached to the culture p orp ology was detectable

(Figures 13C and 13D).

B ATV W I RSt cues v

differentiated P1gceﬂ under control condlition and afte. AR, ,, exposureywithout and with
oo ero ) ST BEU AV H BT B vooors
morphologlczgl signs of apoptosis including degeneration of neurites, shrinkage of cell
bodies, and fragmentation into condensed particles, which were at least partly

prevented by pretreatment with VPU.
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) L =) s st/
Basal M AR, 5 UM AB, \ 5 uM AB, ,,
Figure 12. Neuroprotective effe tgfﬂ o@ vith VPU against AB, ,-induced -

toxicity in cultured neuron-like cells it-the ﬁr&%t experiments. At 7 days NLCs
Wu_ou&ﬁjﬁcentratlon of 100 uM.

Cultures were then expos/j AB,., at a concen

were pretreated for 3, Ef%ﬂd 7 days with

for 72 h, and neuronal

survival was quantified The effect of VPU and VPA on cgular reduction in XTT was

determined and t i n of vehicle control
cultures. (B) Th 14] ﬁ?ﬁﬁﬂ: Wﬂjn amage assayed by
trypan blu ﬁ é! DH release.
The measj%:ﬁﬁpj @Qﬂ:ﬁm ﬂm to O?‘EEI)IJ-« ZJ (assigned

as 100%). Data represented the mean + S.E.M from at least triplicate experiments.
Statistical significance was determined by ANOVA (**p< 0.01; *p< 0.05) in the

comparison to the AR treatment alone.



64




65

i
at a concentration of 100 uM for 3 S-and 7 dajﬁ;dnd then incubated with AB,_,, at a

concentration of 5 uM. The photog‘raphs were fak‘én Tiah aPer application of AR, _,,.

Scale bar = 50 pm. tj : “J
A-D The effect of'.;short ~term (3 days) pretreatment with VPU or VPA. (A)
Vehicle-treat;d control cultures; (B), AB,_,, -trf;ted cultures; (C) AB,_,,-
treated| cultures after pretreatmentiwith! VPA; (D) AB.1,, -treated cultures

after pretreatment with VPU.

E-H, 1 The éffece 0f 'S days pretreatment - with VRPU or ¥RA.| (&) Vehicle-treated
control cultures; (F) cultures exposed to AB,_,, (G) AB,_,, -treated cultures
after pretreatment with VPA; (H) AB,_,, -treated cultures after pretreatment
with VPU.

I-L The effect of 7 days pretreatment with VPU or VPA. (l) Vehicle-treated
control cultures; (J) cultures exposed to AB,_,, (K), AB,_,, -treated cultures
after pretreatment with VPA; (L) AB,_,-treated cultures after pretreatment

with VPU.
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5.3 Post-treatment with VPA or VPU on AB,_,,-treated cells

To define the neurorescuing effect, cell viability indicators were
measured after the addition of valproates to Ap-pretreated cultures. While the
replacement of medium was unlikely to deplete any AB,, associated with cell
membranes, the degree of reduction in total AB,,, within the culture achieved by

replacement of medium was sufficient to 2

ow the experimental. As the analysis, the
for 72 h post-peptide addition
within 3 days (Figures 5-7).

The results showed that bot rations of 50 and 100 pM were

\ d by 5 uM AB,,, even if

\B, 4, for 72 h was examined

not able to significantly re

added up to 3 days post-

The morpholog

under a phase-contrast mi€ro nken morphology and a

number of cells were floati a dicating that NLCs were

degenerating. In post-treatment case, PA or VPU to the culture at this -

==

time point did not change cell mo ~.c._.g_';~... Figun

/as/not observed following

In summarny,

post-treatment of cultures \E\ either VPA'or VPU at'the concemation of 100 pM.

ﬂ‘lJﬂ’WlB‘Vl‘ﬁWMﬂ‘i
quﬂﬂﬂim AN Y
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AB, ., for 72 h before the ad

or the corresponding vehicle an ‘Jﬁ?‘med@m’ 72 h after the addition the
ﬂanc} m—c,ellular reduction in XTT was
determined and the dat!r ex] - ercentage ot tne dction of vehicle control

PU and VPA or

compounds. (A) The effect of-APY:

cultures. (B) The effect

uced cell damage assayed by
|
trypan blue exclusion. (C) The effect of VPU and VPA on A{'g, a-induced LDH release.

The measurementﬂ % eﬁj%ﬂﬂéﬁwmtﬂ? release (assigned

as 100%). Data repigsented the mean T S.E.M. Statiscal sngnlfucance was determined
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Figure 15. Photomicrographs snowi g the postqtgeatrnent effect of VPA or VPU on A, ,,

different treatments. (A) The controi‘neurons m"' ated with vehicle only (0.01% DMSO)
s
(B) The cells treated with ABM2 (5-ii) afone: (G)'Thebells tre?ted with AB, ,, (5 uM) for

72 h and then treated ws‘ ‘

2a xvijh AB, _, (5 uM) for 72 h
and then treated with 100 ﬁl\(l VPU. Scale bar = 50 pm. n

T
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