CHAPTER IV

RESULTS

Part | Anticonvulsant activity and Neuroprotective effect of VPU and VPA on

pilocarpine-induced seizure

Anticonvulsant activity

Anticonvulsant activity of

o pretreated time of 30 min in
erees (w a vehicle for the tested

ifoneal adm stration of pilocarpine produced

pilocarpine-induced seizure m
substances, exhibited no protecii
status epilepticus in eight rats splayed only gustatory automatism,

piloerection and head noddin | after 18.25 + 6.71 min (10-30

VPU, given intraperiton 1 the, dosed 20, - and 90 mg/kg BW protected
the rats from behavioral features GIZUES PrC by pilocarpine, with an ED, of 49
mg/kg BW (Fig. 4.1). Similar results_ .-i’g, protection (ED,, = 322 mg/kg BW)

were observed in VPA- trea | a/kg BW) (Fig. 4.2).
y‘— Y

Both VPU and VPA B)lon» motor Iin-ac seizures and decreased

severity of seizure induced by ﬂ‘llﬂgarplne (Table hﬁnd 2). Application of pilocarpine in rat

pretreated with VPA ﬂouﬁ é@ %u@iﬂrﬁ wnﬂq ﬂ ‘sjn 2/6 and 3/6 animals

during 30 min anq GOﬂnn, respectively. Most of the rag (5/6) recelvm%‘plgh dose of VPA
o0 roro QATHEY AFDLIA PHHRI 3 Bee oo
Furthermore or’e rat was found to develop motor limbic seizures within 30 min. VPU
exhibited a marked suppressant action on the seizures induced by pilocarpine. In low dose
group of VPU (40 mg/kg BW), rats exhibited motor limbic seizures in 3/6 and 1/6 animals
during 30 min and 60 min, respectively. Two rats in this group elicited scratching and head
nodding. VPU in the dose of 90 mg/kg BW, protected rats (5/6) against seizures induced by

pilocarpine. Only one rat developed motor limbic seizures within 60 min.
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Probits (VPU) = - 2.4342+4.3979 log(dose)
7 R?=0.8936
EDso = 49 mg/kg

Anticonvulsant activity
(Probit units)
(4]
:
:
i
:
:
:
:
1
1
:
]
|
]
;
]
:
)
'
'

Figure 4.1  Log dose-respo Gliry ocary e-induced seizure in rats at 30

min pretreated time (N=6 in eachfdose)"
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Figure 4.2 Log dose-responge g WPASN Dilc \e-induced seizure in rats at 30

min pretreated time (N=6 in eachl dose)
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Table 4.1 Effects of VPA and VPU on the onset of motor limbic seizures induced by
pilocarpine (380 mg/kg BW, i.p.)

Onset of motor limbic seizures (min)
0-30 min 31-60 min > 60 min

(protected)

Pilocarpine (n=9)

Pilo-VPU 40 mg/kg (n=6) 2
Pilo-VPU 50 mg/kg (n=6) 4
Pilo-VPU 70 mg/kg (n=6) 5
Pilo-VPU 90 mg/kg (n=6) 5
Pilo-VPA 250 mg/kg (n=6) 1
Pilo-VPA 300 mg/kg (n=6) 3
Pilo-VPA 400 mg/kg (n=6 4
Pilo-VPA 500 mg/kg (n=6 .'y;. 5

v I

Values given are the number of aymals displaying motor limbic seizures (2 stage 4 of Racine scale)

induced by pllocafp'"eﬂ u EJ ’J VI EJ‘ w j w EJ,] ﬂ i

amamamumwmaa
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Table 4.2 Effects of VPA and VPU on the severity of seizures induced by pilocarpine
(380 mg/kg BW, i.p.)

Severity of seizures induced by pilocarpine

stage1  stage2 stage3 stage4  stageb

Pilocarpine (n=9) - 1 - - 8

Pilo-VPU 40 mg/kg (n=6) 4
Pilo-VPU 50 mg/kg (n=6) 2
Pilo-VPU 70 mg/kg (n=6) - 1
Pilo-VPU 90 mg/kg (n=6) 1
Pilo-VPA 250 mg/kg (n=6) 3 1
Pilo-VPA 300 mg/kg (n=6) 2 1
Pilo-VPA 400 mg/kg (n=6) 1 1 1
Pilo-VPA 500 mg/kg (n=6) y 1
—— o
Values given are the number of El s 8 .,i,i res induced by pilocarpine.
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Neuronal morphological determinations

Figure 4.3 illustrated histological changes observed in the CA1 and CA3 regions of
the hippocampus. Cresyl violet staining showed no histological lesion in the control group.
Neuronal loss, shrinkage and dark staining of neurons were observed both in the CA1 and
CA3 regions of the hippocampus in pilocarpine-treated rats (Fig. 4.3). In this group, the
number of cells was massively decreased in CA1 region while CA3 region was less

extensively damaged (Fig. 4.4-4.5). In comparison to control group the number of surviving

neurons in both CA1 and CA3 regio ] gcarpine-treated rats was significantly

decreased (P < 0.01).

Administration of VPU : 1 PA mg/kg BW) attenuated neuronal
damag= caused by pilocarpi . '
CA3 (Fig. 4.5) which were ' , were restored by VPU and
VPA (Fig. 4.4-4.5). Surviving jaé : \-trea Jroups were comparable to

those in control group receivin

ﬂ‘UEJ’J‘YIEWl?WEJ’]ﬂ?
amamamumwmaa



61

control pilocarpine
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regions in the middle panel ang %3 regions in tIWJower panel.
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4D: pilocarpine-VPA, 500 mg/kg
Scale bar represent 500 lAm in upper panel.

Scale bars represent 100 LLm in middle and lower panels.
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Part Il Effects of VPU and VPA on the level of hippocampal amino acid

neurotransmitters in freely moving rats
Alterations of amino acid neurotransmitters

The effects of VPU (50 and 100 mg/kg BW, i.p.) and VPA (300 and 600 mg/kg BW,
i.p.) on hippocampal glutamate, aspartate, glycine and GABA were investigated in
pilocarpine-induced seizure in freely moving rats. Alterations in amino acid neurotransmitter

rom three consecutive samples before the

1

As shown in Figure 4.6 vel of hippe glutamate, aspartate, glycine

levels were expressed as a percent chan

administration of the tested substan

and GABA in normal saline-treat from baseline throughout the
experiments. In contrast, the Ited in a sustained increase
of glutamate and aspartate leve, rement of aspartate was not
so pronouced as that of glu arved in the total amount of
both glutamate and aspartat were noted on the level of
total amount of glycine and G as statistical significance (Fig.

4.10-4.11).

D 4

Different doses of VAL 00 and 600 mg/kg BW)

significantly abolished pildedi Silar glutamate levels (Fig.

4.10-4.11). VPU did not denmstrate the dose-dependent marmr to reduce the elevation of
glutamate level (Fig. 4,10) whéfeas VPA si nmcai#wd 4.11). Pilocarpine-induced
A

increases in hippccﬂusg %m ylcj\ ﬂ ‘jmal level by low and

high doses of VPU and VPA (Fig. 4.10-4.11%

FRANNIUNRIINYQ Y

In addition hippocampal glycine and GABA which were not significantly affected by
pilocarpine were significantly reduced by VPU and VPA in a dose dependent manner (Fig

4.10-4.11).
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Figure 4.6 Effect of an intraperi and normal saline on the

extracellular levels of gluta (meanS.E.M). The asterisks

denote the values significantly diffe \ ine values (P <0.05).
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Aspartate level *=N33
—e— pilocarpine

% change of basal
=
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Figure 4.7 Effect of an intr ' jectic pil and normal saline on the
extracellular levels of aspartatg’ (i ntage 0f the ‘basal level) (meantS.E.M). The asterisks

denote the values significantly di hecorres J Basaline'values (P < 0.05).
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Glycine level =59
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Figure 4.8 Effect of an intidperiiong > ne.and normal saline on the
extracellular levels of glycinein percs o.0f thes ba an+S.E.M).The asterisk denotes

the value significantly different from 25\(P < 0.05).
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GABA level =B=N33
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Figure 4.9 Effect of an intraperitg d normal saline on the

extracellular levels of GABA 5.E.M). The asterisk denotes

the value significantly different frorg es (P < 0.05).
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Part Ill Ex vivo determination of lipid peroxidation and neuronal mitochondrial

activity
Lipid peroxidation

As shown in Figure 4.12 pilocarpine significantly induced an increase in MDA level.
Intraperitoneal administration of either VPU or VPA significantly abolished the effect of
pilocarpine. High dose of VPU (100 mg/kg BW) and VPA (600 mg/kg BW) seemed to

produce more effect than lower dose but sults were not statistically significant (Fig.

4.12).
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Figure 4.12 The effects of VPU (50 apd 10 ) and VPA (300 and 600 mg/kg

BW) on the MDA levels in_hip) pilocarp) ne-induced seizure.
— .y
~ Each bar represents '5{ 1"‘
acompare to the control ggoup (P<0.0 @

t’compare to the pilocarpin‘tmted group (P<0.65)
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Neuronal Mitochondrial Activity
Mitochondrial respiration in 0.5% CMC treated rats

Mean rates of active ADP-linked state 3 respiration and resting state 4
respiration with glutamate plus malate as substrates were 60.17£3.18 and 27.97+1.4
nanoatoms of oxygen / min/mg protein, respectively, in untreated brain mitochondria (n = 5

mean + SEM).

respectively, in untreated bra : | \

The ratio of s ' esSpiratory control ratio: RCR) with

glutamate plus malate and sucgih 2 dstratas in, control group were 2.17+0.14

The efficiency of oxi on_is determined by the P/O ratio.

When glutamate plus malate_and succinate were efectron@onors, the P/O ratio were

cinal 4

2.89+0.09 and 1.8 + 0.05, reBe

Effect of pllocﬁnme on‘fatsbrain mitochondial respiration

WEINBNIWEING

When alutamate plus mala&e were used as substrates, ignmcant inhibition

of state 3 resq W ’%aﬂaﬁaﬂﬁﬁ%ﬂ%(}q % »Ejo’}ﬁ»ﬂ unaffected in

pilocarpine- -trefted rats (Table 4.3). Similar results were observed when succinate was
used as well (Table 4.4). The RCR and P/O ratio that glutamate plus malate and succinate

were used as substrates were significantly decreased in pilocarpine group (Table 4.3-4.4).
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Effects of VPU and VPA on brain mitochondrial respiration of pilocarpine treated

rats

When glutamate plus malate were used as the substrates, pilocarpine-
induced inhibition of state 3 respiration rate was successfully restored to the control level by
VPU (50 and 100 mg/kg BW) while state 4 respiration rate which was unaffected by
pilocarpine, was significantly increased in the presence of VPU (50 and 100 mg/kg BW).

The state 3 and state 4 respiration rates were unaffected by VPA. Furthermore the RCR and

effects on stage 3, stage 4 rr (5 ates "'-”:"_.;.;; the P/O ratio in pilocarpine-
treated rats (Table 4.4). \
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Table 4.3 Respiration of rat brain mitochondria with glutamate plus malate as substrates

state 3 state 4 RCR P/O
Control (n=4) 60.1743.18 27.97+1.40 2.17+0.14 2.89+0.09
Pilocarpine (n=4) 36.65¢2.16°  27.97+1.66 1.31:0.02° 1.78£0.11°
Pilo-VPU 50 mg/kg (n=4) 53.38£1.79 _! W8A59+1.76>°  1.43+0.03° 1.96£0.17 °

Pilo-VPU 100 mg/kg (n=4) 1.57+0.05° 2.16+0.06 °
Pilo-VPA 300 mg/kg (n=4) 39. 0+0.04° 1.95+0.20

Pilo-VPA 600 mg/kg (n=4)

\\\\g 5:002°  2.25+0.11°
\\\\\ \

1 \\\

® compare to the control group 7 treated group

(P<0.05)
RCR = respiratory control ratio (a rati Xyge. Y on in state 3 to state 4 that indicates the
functional integrity of the mitochondria), PO~ F/O 1z z index of oxidative phosphbrylation which .

indicates the efficiency of mi oelely :

o

.,I
o
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Table 4.4 Respiration of rat brain mitochondria with succinate as substrate

state 3 state 4 RCR P/O
Control (n=5) 135.38+2.13  89.83+1.96 1.51+0.01 1.8+0.05
Pilocarpine (n=5) 116.31+4.35°  95.97+4.91 1.22+0.04° 1.21£0.12°

Pilo-VPU 50 mg/kg (n=5) 114.19+2.08° 93 85+4.31 1.23:0.07° 1.2240.04°

Pilo-VPU 100 mg/kg (n=5) 111.44 1.5 / 1.2240.05° 1.31£0.16°
— —

Pilo-VPA 300 mg/kg (n=5) 105.0850s70° 87.07£816%n,. 1.2110.05° 1.341.07°

Pilo-VPA 600 mg/kg (n=5) /); 28+0.03° 1.19+.03°

# compare to the control group
(P<0.05) -z

RCR = respiratory control ratio (a rétio oﬁ_ 1S

fate 3 to state 4 that indicates the

of oxidative phosphorylation which

ﬂUEJ’JVIEW]ﬁWEJ’Iﬂi
Qﬁﬁﬂﬂﬂimmﬂﬂﬂmﬁ&l
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