Chapter 5

Effect of Picrotoxin-induced Epileptic Condition
and Antiepileptic Drug Treatment on

Rat Brain Mitochondrial Lipids
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Introduction

Intense neuronal activity during seizure episodes may cause structural and functional
changes in plasma and subcellular membranes. Neuropathological investigations have
repeatedly pointed seizure related alterations of neurons characterized by swollen and
often disrupted mitochondria (1). Brain damage during seizure episodes is related to
increased intracellular Ca®* levels [Ca®"};, which has an important role in the regulation of
diverse spectrum of cellular events as well as in epileptogenesis (2). Additionally, intense
seizure activity is reported to be associated with inhibition of microsomal Mg®*,Ca**-
ATPase mediated Ca* uptake and deregulation of Ca®* homeostasis (3, 4). Induction and
progression of seizures and maintenance of essential electrolyte balance are critically

dependent on the membrane function.

Repeated seizure episodes lead to membrane degradation and accumulation of bioactive
lipids (5). Increased proteolytic inactivation of brain mitochondrial monoamine oxidases
is associated with endogenous stimulation of lipid peroxidation in the epileptic condition
(6). Lipid peroxidation induced mitochondrial dysfunction and reduced energy levels
have been reported by several researchers, suggesting that neuronal injuries are caused by
excessive generation of ROS (7-9). Treatment with AEDs is reported to be associated
with modulating mitochondrial and microsomal membrane bound enzymes and function

(10-12). Valproate treatment caused mitochondrial cytopathy, inhibition of mitochondrial
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fatty acid oxidation and formation of the abnormal mitochondrial structure that could

directly affect lipid metabolism in muscle. (13).

As it was shown in chapter 2 and 3 that chronic epileptic condition and treatment with
AEDs adversely affected oxidative energy metabolism as well as the ATPase kinetic
properties in rat brain mitochondria. Mitochondrial respiratory chai; and F,F;ATPase are
membrane bound moieties and proficient functioning of this system are crucially
dependent on membrane lipid/phospholipid composition. Therefore, it was of interest to
carry out detailed investigations on the effects of PTX-induced epileptic condition and

AED treatment on mitochondrial lipid/phospholipid compositions and membrane fluidity

characteristics. The results of these investigations are summarized in this chapter.

Materials and methods

Chemicals

1,6-diphenyl-1,3,5 hexatriene (DPH), bovine serum albumin (BSA) and PTX were

purchased from Sigma Chemical Co. (St. Louis, USA). Slica gel G was from E. Merck,

Germany. All other chemicals were purchased locally and were of analytical reagent

grade.
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The treatment with PTX and AEDs were as shown in Chapter 2 and 3. The animals were
killed by decapitation after the end of treatment period (i.e. on the day 8™ after AEDs
treatment and day 21 after P’l;X or PTX-AEDs treatment). Isolation of mitochondria was
essentially the same as described in Chapter 2.

Lipid analysis

Extraction of lipids

Aliquots of mitochondrial suspension containing 4 to 8 mg protein were extracted with 4
ml freshly prepared chloroform:methanol (2:1)mixture as described by Folch et al. (14).
The tubes were vortexed vigorously, allowed to stand at room temperature and the
organic phase was carefully removed with the help of a broad gauge syringe. The sample
were re-extracted with 3 ml of chloroform:methanol mixture as above and the resulting
organic phases were pooled. The pooled chloroform:methanol extracts were treated with
0.2 volume of 0.017% MgCl,, vortexed vigorously, allowed to stand at room temperature
and organic phase was carefully removed with care being taken to avoid the proteolipid
layer appearing between the organic and aqueous phases. The solvent was completely
evoparated under the stream of nitrogen, after which the lipids were dissolved in known
volume of chloroform:methanol mixture. Suitable aliquots were taken for the estimation
of cholesterol (15) and phospholipid phosphorous in the sample (16) and thin layer

chromatography (TLC).

Separation of phospholipids by thin layer chromatography (TLC)
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Separation of phospholipid classes was carried out by one dimensional thin layer
chromatography (17) using Silica gel G. A slurry of silica gel G (6g/13 ml distilled water
per plate) was prepared by gentle mixing and spread on glass plates with the help of de
Saga applicator with thick ness of layer maintained to 0.25 mm. The layer was allowed to
dry by leaving plates overnight at room temperature. Prior to use, the plates were

activated in an oven at 100 °C for 20-25 min.

Aliquotes of reconstituted samples containing 8-10 pg of phospholipid phosphorous were
spotted on TLC plate in a way such that the diameter of the spot was minimum which
ensured better resolution. The conditions of preparation of TLC plates, chamber
saturation etc was according to Stahl (18). The solvent used for the chamber saturation
was chloroform : methanol : acetic acid : water (25 : 15 : 4 : 2 v/v). The chamber was
saturated for at least 2 to 3 hrs. Before run, the plates were reactivated for about 1 min at
110 °C. After the run was completed the plates were taken out and kept at room

temperature for 3 to 4 hours to remove solvents.

After brief exposure of iodine vapor, spo-ts of individual phospholipid were marked and
inodine was allowed to sublime off. After this the spots were carefully scraped and
transferred to marked test tubes. To each tube 0.5 ml of 10 N H,SO4 were added and the
sampled were digested on a sand bath (300-400 °C) for 8-10 hrs. The tubes were allowed
to cool after which 0.1 ml of 70% perchloric acid was added. The tubes were then heated

on the sand bath for 3-4 hrs to ensure complete digestion and till the solution in the tubes
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were clear and smell of chlorine was undetectable. The analysis of phosphorous content

was according to the procedure of Katewa and Katyare (16).

Determination of membrane fluidity

The measurements on membrane fluidity was carried out with 1,6-diphenyl-1,3,5
hexatriene (DPH) as the probe following the procedures described earlier in details (19,
20). Briefly, DPH stock solution (2mM) was prepared in tetrahydrofuran and stored at 0-
4 °C in an amber colored bottle. For measurement of fluorescence polarization, samples
were taken in 3 ml of buffered sucrose solution (0.25 M sucrose containing 10dmM Tris-
HCI buffer, pH 7.4) at a final protein concentration of 0.2 mg/ml, and an aliquot of stock
DPH solution was added such that the molar ratio of probe to lipid was between 1:200 to
1:300 (20, 21). The mixture was vortexed vigorously and left in dark for 30 min to permit
equilibration of probe into membranes. Fluorescence polarization (P) was measured at
25 °C in a Shimadzu RF-5000 spectrophotofluorimeter with a polarizer attachment.
Excitation and emission wavelengths were 360 nm and 430 nm; bandwidths were 5 nm
and 10 nm respectively. Data were accumulated for 5 sec for each polarization setting:
vertical (parallel) and horizontal (perpendicular) (19). The instrument has an inbuilt
program for calculating and printing out fluorescence polarization (P) values.
Calculations for fluorescence anisotropy (r), limited hindered anisotropy (reo) of the

fluorophore and order parameter (S) was done as described by van Blitterswijk et al. (21).
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Protein estimation was done by the method of Lowry ef al. (1951) with BSA as the

standard (22).

Results are given as mean = SEM. Statistical evaluation of the data was performed using

the Students’ r-test.

Results and Discussion

The results on the effects of PTX treatment on the total phospholipid (TPL) and
cholesterol (CHL) content of rat brain mitochondria are summarized in Table 1. As is
evident that TPL and CHL content decreased significantly by 15% and 17% respectively

without affecting the TPL / CHL molar ratio.

Further studies were carried out to examine the phospholipid composition to find out if
the changes in the TPL content be traced to the alterations in the phospholipid profiles of
the mitochondria. From the date given in Table 2 it can be seen that in PTX-induced
epileptic  condition  lysophospholipid  (lyso), sphingomyelin (SPM) and
phosohatidylcholine (PC) components increased by 13 to 2 fold; while
phosphatidylserine (PS), phosphatidylinositol (PI), phosphatidylethanolamine (PE) and
diphosphatidylglycerol (DPG) were reduced by 17 to 78%, with maximum lowering was

observed for DPG (Table 2).
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The magnitude of the changes in phospholipids induced by PTX treatment can be
appreciated by looking at the contents of individual phospholipids. These values are
given in Table 3. The content of individual phospholipid component were computed from
the TPL content of the individual sample (Table 1) and the percentage of the said

phospbolipid in the given sample (Table 2).

As can be noted from the data in Table 3 that content of acidic phospholipids (PS, PI and
DPG) was reduced after PTX treatment by 37 to 81% with maximum lowering in the

DPG content (81% decrease).

Changes in the levels of cholesterol and altered phospholipid composition and contents
could alter the fluidity of the membrane. This was ascertained by measuring the fluidity
of the membranes by using DPH as the probe. It is apparent from the data given in Table
1 that brain mitochondrial membrane was somewhat more fluidized under the epileptic

condition.

CBZ treatment to the control animals caused 40 to 46% lowering of TPL and TPL/CHL
molar ratio (Table 4). Lyso, SPM and PS components were elevated by 1.2 to 1.6 folds,
whereas PI, PC and DPG components were reduced by 16 to 30% (Table 7). LTG
treatment on other hand decreased CHL content by 16% (Table 5) with increased SPM,
PS and PE components and decreased PC and DPG components (12-24% decrease) as

shown in Table 9. CBZ and LTG treatment to the control animals lead to increased
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membrane fluidity of brain mitochondria (Table 4 and 5). CLB treatment to the control
animals showed marginal effects on TPL and CHL contents (Table 6) while PT and DPG
component decreased by 46 to 57% (Table 11). Membrane fluidity was decreased after
CLB treatment to the control animals (Table 6). The individual phospholipid contents
(ug/mg of protein) in general were found to be decreased in all the AEDs treatment to

control animals as shown in Table 8, 10 and 12.

CBZ treatment to the epileptic animals resulted into 1.2 to 1.9 folds increase in Lyso,
SPM, PS and PI components; while DPG and PC were decreased significantly as
compared to controls (Table 7). Drastic decrease (43 to 51%) in the TPL and CHL
contents was seen with composite decrease in the TPL/CHL ratio (Table 4). While LTG
treatment to the epileptic animals imparts restoration of Lyso, SPM, PC, PI and PS to the
normality with slight increase in PE while DPG was decreased by 55% (Table 9). When
the epileptic animals were treated with CLB, decreased PS, PI and PC was observed with
1.2 to 1.5 fold elevation in Lyso and DPG (Table 11). Both, LTG and CLB treatment to
the epileptic animals decreased the TPL and CHL contents by 18-27% with increased
mitochondrial membrane rigidity (Table 5 and 6). Similar trend was observed in
individual phospholipids content in treatment with AEDs to the epileptic animals (Table

8,10 and 12).

In general, AEDs treatment to the control non-epileptic animals caused drastic alterations

with respect to disproportionate decrease in the content of individual phospholipids.
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Differential alterations are observed in TPL and CHL contents and membrane fluidity
parameters. When epileptic animals were treated with AEDs, TPL and CHL contents
were reduced as compared to controls. Interestingly decreased membrane fluidity was the

common finding in all the AED treatment epileptic animals.

Requirement of phospholipids for the optimum functioning of mitochondrial membrane
proteins is well documented (23). Results on the mitochondrial membrane properties
indicated drastic alterations in membrane composition and molar ratios of phospholipids
parameters. ATPase activity is known to be dependent on acidic phospholipids, in
particular PS and PI. Hence, observed changes in the kinetic parameters of ATPase
(Chapter 3) could be attributed to altered phospholipid composition and distorted
membrane charge distribution. Also, mitochondrial membrane became more fluidized
under the epileptic condition (Table 1). Interestingly, AEDs treatment to the epileptic
animals was showed increase rigidity of the membrane beyond control values (Table 4-
6). Additionally, treatment with AEDs to the control animals showed differential effects
on fluidity. The membrane fluidity is determined by several parameters, which include

mole:mole ratios of TPL/CHL, SPM/PC, SPM/PE, PC/PE etc (19, 24).

In order to seek and explanation as to why the fluidity properties were influenced after
either PTX or AEDs treatment, the data were analyzed in terms of molar ratios of specific
lipid classes (24, 25). These parameters are shown in Table 13-16. To summarize, PTX-

induced convulsions resulted in to decrease in almost all the parameters (Table 13)
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whereas LTG and CLB treatment showed a general reduction in these parameters (Table
14, 15). Opposite was true for CBZ treatment with either control or epileptic animals
(Table 16). 1t is also possible that substantial increase in lysophospholipid content - that
is evident in either PTX-epileptic or AEDs treated groups - may lead to the fluidization of
the membrane, since lysophosphoglycerides can exert detergent like action on the
membranes (26). Increased lyosophospholipids indicate activation of phospholipases,
which are known to be activated by Ca®* (27). Mitochondrial function is crucial to
intraceltular Ca>* homeostasis and possesses several Ca®* transport system (28). The
concentration of free Ca”* is coupled to neuronal membrane potential and in turn has
been shown to be critically dependent on the functioning of mitochondria (29).
Activation of excitatory neurotransmitter receptor leads to Ca’* influx into the neurons

and increasing free [Ca®"],

(30) which has been implicated in the pathophysiology of
epilepsy (31). However, chronic seizure activity could lead to modulation of

aforementioned systems and thereby it could activate the Ca®" dependent downstream

pathways.

Decreased Pl (in epileptic animals and AED treated control animals) might be related to
membrane degradation, as PI hydrolysis is often a feature of stimulated phospholipid
turnover (32). This observation is supported by earlier reports that decreased PI could
also be associated with seizure-induced excessive release of excitatory neurotransmitters
and activation of phospholipases (PLA, and PLC) mediated signaling pathway (5).

Arachidonate is released from sn2 position of glycerol backbone, which is implicated in
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neuronal plasticity, ischemic brain damage and epilepsy (33). Brain levels of free fatty
acids and DAG rise rapidly with onset of seizures, reflecting activation of PLA; and PLC
(34). To conclude, massive alteration in the distribution of the individual phospholipids
of the brain mitochondrial membrane as observed in the epileptic condition could lead to
dysfunction of important respiratory chain components. However, AEDs treatment was

failed to restore these variations in the epileptic animals.
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Summary
Mitochondrial respiratory chain including F,F1ATPase is membrane bound moiety; hence
studies were extended to examine the effect of PTX-induced seizures and AEDs
treatment on the lipid composition of mitochondria. After PTX treatment TPL and CHL
content decreased significantly by 15% and 17% respectively without affecting the TPL /
CHL molar ratio. Fluidization of mitochondrial membrane was seen. The content of
acidic phospholipids (PS, PI and DPG) was reduced after PTX treatment with maximum
lowering in the DPG content, indicating altered charge distribution in the membrane
micro-environment. AEDs treatment to the control non-epileptic animals, in general,
caused drastic alterations with respect to disproportionate decrease in the content of
individual phospholipids. Differential alterations are observed in TPL and CHL contents
and membrane fluidity parameters. When epileptic animals were treated with AEDs, TPL
and CHL and contents were reduced as compared to controls, individual phospholipids
contents showed differential alterations. Decreased membrane fluidity was the common
finding in all the AED treated epileptic animals. In conclusion, drastic alteration in the
distribution of the individual phospholipids of the brain mitochondrial membrane as
observed in the epileptic condition could lead to dysfunction of important respiratory
chain components. However, AEDs treatment was failed to restore these variations in the

epileptic animals.



