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

Rat Liver Mitochondrial Lipids
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Introduction

Liver is the central metabolic organ of the body. Hepatic mitochondrial function is
important to maintain the energy status, B-oxidation, TCA cycle and apoptotic activity of
the cell (1). Calcium regulated machinery i.e. either downstream process of signal
transduction or pro- and anti-apoptotic mechanisms involves functioning of
mitochondrion (2, 3). Severe epileptic condition could affect functioning of the
aforementioned system. ™Progressive neuronal degeneration of childhood' - a
mitochondrial respiratory chain defects have been demonstrated in a number of patients
who die of liver failure following severe epilepsy (4). Liver mitochondrial dysfunction of
the energy generating system is suggested in pediatric patients with epileptic phenotype
(5). Hepatic and pancreatic insufficiency is reported to be associated with Leigh’s

syndrome characterized by epilepsy and muscle weakness (6).

On the other hand, treatment with AEDs could affect hepatic function by interfering with
subcellular systems. Phenobarbital treatment caused oxidative changes in mitochondria
and microsomes that are related with alterations in cytochrome P450 levels in rat liver
(7). Accumulated evidences suggested that treatment with diazepam, valproic acid,
phenobarbitone, phenytoin etc. could lead to severe alterations in functioning of
important mitochondrial membrane bound enzymes, oxidative phosphorylation and ultra
structure of mitochondrial and RBC membranes as well (8-16). Varying degree of drug

induced changes is observed in plasma vitamin levels, protein and fine structure of
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hepatocytes in epileptic patients treated with phenobarbitone (17). However, reports on
mitochondrial membrane structure and function are lacking for the AEDs under study

viz. CBZ, LTG and CLB.

It was shown in Chapter 2 that PTX-induced epileptic condition and treatment with
AEDs adversely affected with oxidative phosphorylation in rat liver mitochondria as well
as the mitochondrial F,F;ATPase kinetic properties (Chapter 4). As mentioned above, the
generalized effects of epileptic condition and AEDs treatment on hepatic function are
reported, though detailed investigations on mitochondrial lipid/phospholipid
compositions and membrane fluidity characteristics have not been reported so far. It was
therefore of interest to find out if and what manner the PTX-induced convulsions and
treatment with the three AEDs (CBZ, LTG and CLB) affected the mitochondrial

lipid/phospholipid profiles. The results of these studies are summarized in this chapter.

Material and methods

Details of chemicals used are as described in Chapter 5.

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 PTX or PTX-AEDs treatment). Isolation of mitochondria was

essentially the same as described in Chapter2.
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Lipid extraction from mitochondrial membrane, separation of phospholipid classes by
TLC and determination of membrane fluidity were essentially the same as described in

Chapter 5.

Protein estimation was done by the method of Lowry et al. (1951) with BSA as the

standard (18).

Results are given as mean + SEM.

Statistical evaluation of the data was performed using the Students’ #-test.

Results and Discussion

The results on the effects of PTX treatment on the total phospholipid (TPL) and
cholesterol (CHL) content of rat liver mitochondria are summarized in Table 1. As it is
evident, CHL content increased by 1.2 fold therefore composite decrease in TPL / CHL
molar ratio was observed. Mitochondrial membrane more fluidized after PTX treatment

(Table 1).



250
Further analysis of phospholipid composition of mitochondrial membrane after PTX
treatment showed 1.3 fold higher lysophospholipid (Lyso) component while
phosphatidylinositol (PI) and diphosphatidylglycerol (DPG) component was decreased by
16-31% (Table 2, 3). From the data presented in Table 3, PTX treatment showed 1.2 to
1.5 fold increase in Lyso and phosohatidylcholine (PC) content with 29% reduction in
DPG content. Therefore, PTX treatment resulted in marginal changes in the composition

and individual content of phospholipids with fluidization of the mitochondrial membrane

(Table 1-3).

CBZ treatment to the control animals resulted into 1.6 to 4 folds increase in acidic
phospholipids components ( PS, PI and DPG) with decreased PC and PE components
(21 to 39% decrease, Table 7 and 8). Similar increase in PS and PI by 1.9 to 2.5 fold was
also observed with decreased DPG after LTG treatment to the control animals (Table 9
and 10). Opposite trend was seen for PS, PI and DPG after CLB treatment (Table 11 and
12). General increase (1.5 to 4 folds) in Lyso and SPM was noted after AEDs treatment
to the control animals (Table 7, 9, 11). The individual phospholipids content followed the
similar pattern after AEDs treatment to the control animals (Tale 8, 10, 12) All the three
AEDs caused decrease in TPL content by 12 to 26%, thereby lowering of TPL/CHL ratio

(Table 4-6).

CBZ treatment to the epileptic animals resulted into 1.4 to 4 folds elevation in Lyso,

SPM, PS and PI with decreased PC and DPG components (37 to 50% decrease) (Table 7,



1007050 ‘s “TO0°0> “sxse “T00>A “sexe (100> ‘4
‘sosoqyuored oY) UI POJROIPUI UOPLAIOSQO JO JOGUUNU 97} JO JNHS F ULW SB USALS oI $I[NSal Y],

.(T1) 1800°0 F 8€€°0 (91) 0020°0 F 00¥'0 (S) oroweed 19p10

[(21) T200°0 F $40°0 (91) 0L00'0 F 9900  (%01) Adonostue pazspuly pejrwry

e Z1) 91000 F 601°0 (91) §500°0 ¥ $T1'0 (1) £donostue sousosalonyy
L1 TLO0'0 F SST°0 (91) €L00°0 F9L1°0 (@) wonezirejod 90U00s2ION Aypmyy SueIqUIOY
L(8) 800 F €T (8)600F 1LT oner Je[oN THO /1dL
.(8) 89T F0€'8E (8)09°0FS16'1€ (uregord Su/3rt) THO 10193891040
(8) T0'9 F 09'6LT (8) STSF99°€LT (wayoxd Jur/3r) T4L prdroydsoyd [eo

X1d [onuo) Tspoumereq

BLIPUOYIOIIUE JIAT] JO

A)PINYJ SUBIGUIDW PUE JUdU0? [0.13359]01> pue prdioydsoyd [v303 uo Juawyevay X 1.4 JO 3901 I AIqU.L

1§74



252

(444

100°0>4 “sorex “T0°0>d “4x “50°0>d 4
(54 Q@) 1031004181Apyeydsoydip

pue (g4) surwrejoueyiejApueydsoyd (1) jonsourjApueydsoyd ‘(Sq) sutesiApueydsoyd
‘() surjoyorApueydsoyd ‘(N dS) ureAwoSuryds ‘(osAp) prdijogdsoydosAy
‘suonyeAIesqo juapuadopur § JO NHS F UBSUI SE USAIS oI S}[Nsal oy ],

Ie- o0 F ClI°6 120 F 9T°¢1 Hdd
- P80 F LTEE £9°0 F PEVE dd
91- LET0 F 00°€ EI'0 ¥ 8S°€ Id
- 070 F 8¢C €0 F L6'1 Sd
I+ 60 F 98°9% 090 ¥ 90Ty od
- 0£'0 + 0T°¢ ST'0 F $E°¢ NS
yE+ LLT0F 00T 600 F 6%'1 0S4
X1d [onuo)

(%) (12101 30 %) sse1o
a8ueyD uonisodwos prdioydsoyd pidrijoydsoyg

BLIPUOYI0JIUI JDAT] U0 NOLLISOJINOYD Prdnjoydsoyd uo jusmmvary X1 JO 199557 7 91qeL



253

1394

100°0>d “xx *2T0'0>4 * “(Dd(Q) 10100413[Apyeydsoydip
pue (g4) surmejoueqidApyeydsoyd (1d) jonsourdpyeydsoyd (Sq) supesiApueydsoyd
“(0d) surfoyoifpueydsoyd (NdS) uijedwoduryds ‘(osAT) prdijoydsoydosAy
*SUOTIRAI2SqO JUIpUdopUl § JO JATHS F UBOUI SB USAIS 218 S}NSaI oYL

6¢- w60 FEVIT 99'0F 00'€T Hdda

- $9°T F 0865 61'CTF$9°6¢ Hd

- 9’0 F 9¢'¢ YTOF0CT9 Id

- 980 F STV 6€0F I¥'E Sd

ST+ STE F89'¢8 ov'c ¥20°¢L od

- €L°0 ¥ 809 I7'0 €8S WdS

IS+ JS0 FTY A% R T 0s&7]
Xld [onuoy)

%) (ursyoxd Bur/3) sseyo

a8ueyn jusiuoo prdrjoydsoyg prdijoydsoyg

BLIPUOIOIIL 13AY] JO INALNO)D prdijoydsoyd uo jusunyesy X 1.4 JO 3991 :€ Qe L



254

“dnoig pojean X 1.d Wim pereduwos 100'0>d ‘q pue 10 o>d ‘@

dnoi8 Jonuo) Wim paredwos 100 (>0 “4x PUB 1004 ‘«

ZGD Pim pojean s[ewrue ondoyids peonpur-X.1.d :peyean ZgD-X.1d

‘sosayyuared o) UL PSJEOIPUT UOLBAISSGO JO JOQUINY Y3 JO AHS F UBQUI SB UQAIS aIe Sj[nsol oy L

2 (8) 0610°0 F L8E'0
+(8) €900°0 F 190°0
(8) LVOO'0O F 121°0

«,(8) T900°0 F ILT'0

(Z1) 01200 F ¥OE0
(Z1) LY00°0 ¥ 8£0°0
(T1) S£00°0 F ¥01°0
(ZT1) 8000 F 810

#*

*

(Z1) 0020°0 ¥ 8¥€°0
(Z1) $500°0 F 050°0
(1) 1000 F ZIT0
(Z1) 95000 F 651°0

(1) 16000 F 0¥€°0 (8) 13powrered 19pI0
(T1) 0200°0 ¥ LSO'0  (301) Adonostue parepury pajurr]
(1) L1000 FEIT0 (1) Adonosiue 90us0sION]
(21) 7200°0 F9S1°0 (&) uoyezurerod sousosazon]y

:£IpI} SUBIQUIOIA

q'8) 6E0°0 F €ET (B 1T0F95'T L(8)600F2TT ®zroFere (oner Ie[oN) THO / 1dL

(urajord Sw/8ri)

LB ELTF VS0P L8 LoTFST9E L(8)68TFIT'T9 (8)80'TFIS'1€ [o1015910Y)

(uraj01d Suu/grl)

'8 I8’ T F0'801 @) w1 FTS81 LB)BLLFT6Y] (8) €'Y F9°661 pdijoydsoyd jejop
Z90-X.Id payean ¥.1d Zdg0 fonuo) IepuRIR]

‘uonIpuod sndopida pur jo.nuod ur

BLIPUOYIOIIKI JIAY] JO AJPINYJ QUBIGUIdW “JUA)U0D [0.133s9[oyd pue prdijoydsoyd fejoy uo yuaunea; (ZgD) surdozemeqae)) Jo 39953 4 SIqe.L

1274



255

"dnoid pojean X 14 P paredwod 100 0>d ‘e "dnoid jonuo) ym paredwnod 100°0>d “wws PUB 200°0>d ‘s 10°0>d ‘4
DLT Wi payean spewtue oydetide peonpul-x 14 :patesn DI T-X1d

'sosoyyuared a1 UL PAJBOIPUL UONBAIIS]O JO IOQUINT ) JO JAHS T UBSW SB USAIS 218 S NSal oy,

#-(8) 0STO'0 F L8E0 (T1) 0120070 F LTE0 . (Z1) ¥600°0 F 8510 (Z1) €600°0 T €1€°0 (§) 1erowered 10p1Q
(8) L8000 F £90°0 (1) TS00°0 F¥¥00'0 +(C1) 1000°0 F9600°0 (T1) €200°0 F 6¥0°0  (o0x) Adoxjostue parspury pajrur]
(8) $900°0F LTI'0 (Z1) 0¥00°0 F 601°0 2, (T1) TEOD'0 F 280°0 (Z1) 81000 F #11°0 (¥) Adonosrure sousssaIon]y
(8) $800°0 FTLI'O (TD ¥S000F¥ST°0 LLZD PP00°0 F 81170 (Z1) ¥€00'0 F 65T°0 (@) wonezirerod vsusssazon] |

1A} IpMJ SUBIQUISTA]

e (8) SOOF ¥6'1 W8 600F YT L(8)S00F19¢ (8)90°0F 68°C (oner re[o) THO / TdL
(urayo1d Swu/3rl)

WS LYTFCITY LB LTTF86'9€ ®) Y01 FTL8T (®or1FLIOE Joxoyse[oy)
(urejoxd Su/3r)

(8) 169 F $291 (8) LY F L6LT 8) Lo's F88p1 (8) 0T9FTYLI pidijoydsoyd ejof,
DIT-XId parean X1d DI Jonuop) Tojourered

‘uopipuod sndoprds pue foyuod uy

BLIPUOIDOJIUI IDAT] JO ANPINYY SUEIGUIdUI JUSIU0 [049353[0Yd pue pidijoydsoyd [30) uo Jusunesxy (91 7) suiSryowe| Jo 193)J7 1S Alqe.L

§ST



256

"dnoid pajeen X 1.d Mim paredwroo 100°0>d ‘q pue 7o 0>d ‘e

dnoi8 jonuo) mram pareduwrod 100 0>d ‘sxx PIE 10°0>d ‘4u 700> ‘4
€O Wi payesn sjeurtue ondejrde peonpur-X 14 :poresn gI0-X1Ld

‘sosoyjuared oU3 UI PeeSIPUI UOHEBAISSAO JO Joquunu 9y} JO JAHS F UBSW st UaAIS 218 §)[nsaI o,

. (91) 08100 F 61+°0 (1) 1200°0 F 6¥€°0 (91) 09100 F TH¥'0 (91) 0ST0°0 F STH0 (8) 1or0wrered 1o0pi0

2 (91) 1900°0 F 1L0°0 L(T1) 6500°0 F 050°0 (91) 8500°0 F 8L0°0 (91) Y000 F9L0'0  (o0x) Adonostue pazopuiy payrur]

e, (91) 9¥00°0 F 8Z1°0 LLEDFP000 FEITO (91) #7000 F ¥€1°0 (91) 0¥00°0 F9¥1°0 (1) Adonostue aousvsaION]
¢+, (91) 09000 F 181°0 o (T1) 0S00°0 F 091°0 .(91) LS00°0 ¥ 881°0 (91) 0500°0 F +0Z°0 (d) wonezirejod 2ousosaon]g
:ANPIN] SUBIQUISTA]

20ea(8) SO0 F 80T L(8)800FTET o(8) LOOF 96T (8) LT'OFS6T (oner rejo) THO / 1dL
(ursy01d Su/Brl)

L®TTIFLILE W WTFILLE (8 IS0 F L8OV (8) ¥0'T F 66°0¢ (SSEE (i)
(urayoxd Fua/3rl)

0 (&) LOTF 1°sST ®) +9 e F € PLI (8) 0Ty F 6091 (8) 8T'L ¥ 8781 prdijoydsoyd ejog,
g10-X1d pajean X 1d 410 Jonuo) Iopuwered

‘uonpuod dopido pue [oxyuod Uy

BLIPUOYD03IWL JAAN] JO AJIPINY dUBIqUILUI ‘JUd}U0D [0.19)5910Y2 pue pidijoydsoyd [e301 uo judumzesny (1)) Wezeqor) Jo 399517 9 Qe

95T



257

*dnoad payean X 1.4 Pism paredwos 100 0>d ‘q pue 10°0>d ‘@

‘{dnoi3 jonuo)) yim peredwod 100°0>d ‘s PUB 10°0>d ‘%

Z90 Mim pajesn sfeurue ondaqide paanpul-X 14 ‘peiesn Z4D-X.Ld
"(9dQ) 101204131 Apreydsoydip pue (g4) sururejourye|Apyeydsoyd

‘(1a) 1ousounjApnreydsoyd (Sd) sumssiiprieydsoyd ‘(Od) surfoysidpneydsoyd ‘Gads) unedmoduryds ‘(osAy) pidijoydsoydos{

"suoneAI2sqo Juopuadopur § JO NS F ueowr se uaA1g oxe synsar oy, spidroydsoyd [ero 9y Jo 9, st usArd st uonisodwos prdrjoydsoyy

e FTOFTLS 00 F LEOT FYTOFSSTI LEOFSITI Dda

0 LFOF 0617 0S'TF LY'EE LE90F9E1T TETFE0'SE ad

2 TFOF 09 610FIT'E L6T0F €09 LOOF SE'E Id

0 SEOF 'S 0¥ SHT LSTOFLES LOOF6T'T sd
SL'0F 699 0F'1 T 69°h P90 FEOYE 6T TH0'EH od

0 O 0FTISL €TOFLYE PTOFOL0T 910 FLE'E WNdS

e E90F 8L S00FHET STOFLEG 010 F €61 osk]
potean} Zg0-X1d poyean} X1d yA:i0) Jonuop 10j0UIEIRg

uonipuos apdonde

Pu® [03u0d Wl NTO.LISOJINOD Pidijoydsoyd [elpuoyaosur JaA1] uo juauriesy (ZgD) surdozeureqae)) Jo 390553 1L A1q8.L

LST



258

‘dnoid ¥ 1d yia paaedwos 100°0>d ‘q pue 10°0>d ‘e {dnoid jonuo)) mim paredmos 1007059 ‘s PTE 10°0>d ‘es 50 0>d 4

78D G payeax sjeurue ondafide psonpur-XLd perean Z4)-X1d

{(©dQ) 101004131 &pyyeydsoydip pue (g4) surmejoueyaiipyeydsoyd
‘(1) 1onsouriApnegdsoyd {(Sd) sumasiApneydsoyd (Dg) surjoyoldpneydsoyd ‘(AdS) urpeAwoduryds ‘(osAT) prdijoydsoydosAr]
"SUONRAINSqO Juapuedopur § JO NHS F UBOUI SB USAIS ore s)nsar oy ], mejord wr zed prdrjoydsoyd jo 81 se uaalS stjusinos prdijoydsor

Qe LTOFLLY w70 FST61 L8 0F8ET 001 F$€TT Hdd
QaneSL O F 69°ET LOPTFBETY W SOTFISIE LS TFTL69 dd
SOV OF 66 SCOFPLS wCEOFTO6LS ST'0+899 Id

e WWOFO6LS STOFSSY e SVOFLLB 600 F VS Sd
9V T F 1508 I9YTFOI8 06 TFIT0S SO'TF16'S8 od
2690 F €' 9¢'0F LS9 L OFTLST WWOFSLY WdsS
39S OFIV8 LUOFEEY 38 0F 18T 8I'0FE8'E 0s&
porean ZdD-X.1d pajean X1.d 7490 01000 Jojowreied

uonipuod opdopda

pue [o.nuod ul INALNOD prdijoydsoyd [eripuoydoyrur J1aA1] uo jusnunyedny (Zg)) surdezeureqie)) Jo 319957 8 9[qeL

85T



259

‘dnoid payeon X1 Tim paredwos ¢oro>d ‘e

dnoi8 jonuo) Ym peredods 100 0>d ‘xx PUB 0704

DT Wim pajesn spewriue ondoyrde peonput-X 14 :poresn HLT-XLA

(DdQ) 101004131Apyeydsoydip pue (gq) sururejoueyiejdpneydsoyd

“(1d) 10usouriApneydsoyd ‘(sd) suuesiApneydsoyd ‘(Og) swrjoysiApneydsoyd ‘(NdS) uieAuroduryds ‘(osA) pidyoydsogdosA]
"SUONIBAISSqO Juopuadapur § JO JNHS F UBsuI S8 USAIS a1e synsar oy, spidijoydsoyd 1210, 913 JO 9, s& uaa1g st norysodwoo prdijoydsoyg

L8€T F90°%1 9€'0 F T6'01 LOT0F 168 810 FHETT 0da
L660FSTTE €5 FOLEE 00T FTT6T €L°0 F 60°9€ ad
L600F6T'E 0TOFI0°€E LOT0F01'9 STOFLYT Id
800 F 0€'C FTOF 6T LZI0F06'€ 01’0 F+0°T sd

260 F 98Ty ST F 1Tvb 680 F LY OY $S°0 ¥ 60°Eh 0d

e BTOFUY 610 F6T€ LOTOFLTS STOFS9'E NdS
STOFLYT LCTOFEET LET0F 60 OT0F ¥l osd
peyean DI T-X.1d poyeas; X1d DIT 10100 Iojeurered

uontpued apndapdo

pue [eu0d wl NOLLISOJINOD pidijoydsoyd [eLipuoydojiur JaAl uo judunea (91 1) suidipoure Jo 399057 :6 d[qeL

65T



260

*dnoi8 peyeon X I1d yim pareduroo 1p°0>d ‘e

dnoi8 1onu0)) Yim paredwod 100°0>d ‘xx PUB 10°0>d ‘4

OLT yia pejeen sjeurue opdeyide paonpur-x 14 :paress DIT-X.Ld

‘(©dQ) 10004181 Apyeydsoydip pue (FJ) sunmejoueyeiApnreydsoyd

‘19 1onsourjApyeydsoyd “(gd) sunesidpneydsoyd ‘(0gd) sunoyoiApueydsoyd ‘(NdS) ureduoduiyds “(osAy) pidijoydsogdos4y
"SUONBAIRSqO Juepuadapul § JO NHS F UBow Se uoAIS oxe synsa1 oy, uroxd Swr sod prdijoydsoyd yo 81 se uoA1d st jusjuoo prdijoydsoyg

SSTFOEL 6L°0F £9°61 LSEOFITEL PEOF 1€81 Ddda
98'TFL80S 08°T F L§"09 LOTFRLEY €CTFIESS ad
6S0FLLS OF0F 0SS FTOFH0'6 I€0F 10'F Id

19°0 F9€P 9T0F 8y LITOFSLS TTOFCEE Sd
LZUEF05°69 LOTFSH6L LS6'TF 5709 8T'TF 8L'69 od

2 80 F 8L PEOTFI6'S LGYOFOITI ZE0FT6'S NS
LPE0F00F LOTOF6TY STOFLO9 EI0F0ET 087
parean O T-X1d patesn X1d OI1 Tonuo) IojaweIeg
uonIpuod

opdsqide pue joa3u0d ur INHINOD pidijoydsoyd [BLIpuoyd031uI JA]] U0 JuUdUNILIN (9] T) SuIdrnoure Jo 39917 01 d[qEL
09¢



261

*dnoig peyean Y 14 qum paredwos 100°0>d ‘q pue [ 0>d @
dnoid ronuo) M peredwrod 100°0>d ‘xx PUR 10°0>d

10 Wi payesy sfewrue spdeyrds peonput-x 1.4 peresn) §T0-X1d
‘(Dd@) 101904181 Apneydsoydip pue (34) sunuejoueyielApyendsoyd

“1d) 1ousouriApneydsoyd (gq) sunesiApueydsogd ‘(D) sunjoysidppeydsoyd ‘Gags) ureAmosuryds ‘(osAy) prdijoydsoydosAT
‘suoneAIasqo Juopuadopur § J0 NS T Uesur se usArg ale synser oy, spidijoydsoyd 2107, 911 JO 9, st uaaId st uonisoduwros pidijoydsoyd

4 610 F OF P 6€°0 F #1701 L8TOFYTTI YZ0F 9501 Ddd
8T F 8TYE SSTF €6'EE LS80FOL6T 09°0 T £2°9€ ad
L9T0FLIE OTO0FE0E LPTOFPST 010FL9'E Id
PUOFTHT IT'0F ST 110 % 0F'€ 8TOTHI'E Sd

0, 8TOF I¥'8€ OL'T FTLbY E80FEL'SH 650 FOL'TH od

0 BT 0F Sy STOF00°€ LSTOFET 600 F $5°€ JAdS
LGO0FTET LTOFTET LETOFHST SO0TELT osA

poyean} §T0-X1d porean X.Id a1 [ou0D 1jpUETR]

19t

uonipuod opdappdopue
103105 ul NOLLISOdIWOD pidijoydsoyd [erpuoydojfur JoAyf uo jusuiyeasy (g10) wezeqor) Jo 39953 11 2IqeL,



262

‘dnoi8 payeon X 1.4 Y pereduion 7o 0>d ‘q pue 10°0>d ‘e

dno13 fonuo) qmim paredwos 100"0>d ‘yx PUB 10°0>d “sx '50°0>d 4
70 YN payean sppwitue ondaride paonpur-X 14 :paresn qID-X.1d
(Dd@) 101004181Apeydsoydip pue (g4) surwrejoueyisfdpreydsoyd

‘(1a) 1ousouriApueydsoyd ‘(g4) suttesiApneydsoyd ‘(Od) surjoyaApueydsoyd (Nds) urredwoduryds ‘(os4[) prdrjoydsoydosAy
"SUOT}EAIOSqO Juapuadapur § JO NHS F Ueow se UaAIS are sjnsax oy, urejord Swr aad prdijoydsoyd yo 81 se usard st juayuoo prdijoydsoyg

. 0TOFIVT 70’1 ¥ 8781 €80 FL'61 TOT F PE61 Ddd

v, 80T F TS LLOF 8065 LPSTTEO08Y S9TFLI'99 ad
8TOFOL'S IPOFECS WBTOFOTY 70899 Id
LITOFHLE LTOF6E 910 F S¥'S 650FLL'S sd
P TF 1965 €9'T F 66'LL POl F 6€EL 9TE F LEIL 0d
«8T0F 069 LIS0FVTS WSTOFSTY ¥2°0 F 9%'9 JNdS
9I0F19°€ LITOF O LOTOFE0Y STOFST'E 0sk]
poyean} §T0-X1d peyesny X1d 10 101u0D 1o)owEIEg
uoPIPUod

sndepids pue Jojued ur INALNOD prdijoydsoyd [eripuoido)iur I9AY} uo Juduies. (gr1D) Wezeqo[) Jo 193537 71 2IqeL

(474



263

100°0>4 “sesex PUB 10°0>d “sx §0°0>d 4 *(‘1d8) sprdyoydsoyd o1seg

“(1dv) sprdijoydsoyd oproy (DdQ) 1010048[Apreydsoydip (g4) suruejoueyiojApreydsoyd

‘(19) 1onsounjApneydsoyd ‘(Sq) sutesjApneydsoyd (D) surjoyojApneydsoyd ‘(A JS) WeAwoduIysg
‘SUONEAISSqO Juepuadopul § JO NHS F UBOW SB UAAIZ aIe sjnsar oy,

£9¢C

L9LO0FYET 1600F 1T 1d9/0da
LE000FIT0 €000 F L1'0 1d9/Sd
LE00'0 F $0°0 2000 F S0°0 1da/1d
L SO00FLTO 100 F ¥2°0 1d4/1dV
068'1 F T'€€ 99T FT1€E Id+Sd/1dL
TELLF 989 I8TFT6Y Id/TdL
10V'LFS6L Y96 FL'S6 Sd/1dL
1100 F01°0 900°0 F 01°0 Ad/NS
900°0 F L0°0 £00°0 ¥ 80°0 Od/NS
9000F 2H'T 6€00 F €T’ qd/0d
PEFO T IH'S YIVOF LS'S 1d+Sd
X1id jonuc) IjewRIe g

BLIPUOYD0)TW IIAY] JO saopourexed spidijoydsoyd uo juaunyesry X 1.4 JO 39055 €T S[qE.L



264

dnoi3 peyean X 1.4 ynm paredwos 100 0>d ‘e ‘dnoiB jonuoy mim peredwod 100 0>d ‘xu PUB §0°0>d *, {(1dg) sprdijoydsoyd orseg
‘(1dv) sprdijoydsoyd s1ptoy {(Dd() [0109418[Apneydsoydrp ‘(gq) surejouegeiApneydsoyd

‘(1) rousourApryeqdsond (s suresiApueydsoyd ‘(O d) surjoyojdpueydsoyd ‘(NdS) ureAwozuryg

*STONBAIRSqO Juopuedopur § JO NHS F ULOW St USAIS 918 S)[nsat oy,

¢+,,200°0 F SLO0 LO00 F 621°0 L JE00°0 F 061°0 $00'0 F 8ET°0 1d9/5da
¢+,.S00°0 F TL0°0 2000 F 1€0°0 L.E00°0 F 1600 100°0 F 8200 1d8/Sd
2<,,900°0 F 0900 £00°0 F +0°0 L.E00°0 F 160°0 100°0 F 1#0°0 1dg/1d
010°0 F L0T0 ZI00F 020 LLODOFILED 9000 T 120 1A/ 1dV

2, LSO F 8901 8TTFTEE WOE8OF LETT PETFOSE Id+Sd/TdL
e EVTF86HT £S'TF 965 LOVOTFY8YT YO'TF 865 Id/1d1
2 OV T F 6507 6STTISL L0SS'T F €84 SEYF €88 Sd/TdL
oo F100 F65€°0 LOOOF 110 LZI00F 5050 $00°0 F 60°0 dd/NdS
2+,,.500°0 F891°0 900°0 ¥ 80°0 ,.800°0 F 2€0°0 $00°0 T 80°0 Od/INdS
2 900 F 14T 100 FIET LILOOTFI9T LIOOFETT qd/od
o IS0 FTI0T 9620 F95°S LSPTOF 0TI ELTOFEY'S 1d+Sd
Z90-X1d poyean X1d Z€D jo1u0) wpureIeq

uonipuod dndopids pue [0.0U0D Ul BLIPUOYIOJIUIL IAT] Jo swejoweied sprdioydsoyd uo jusunes.n (Zg)D) surdezewreqre)) Jo 1999 4] 9G]

9T



265

dnoi3 pejeen X 1.4 qum paredwos 100°0>d ‘@ {dnoid jonuo) ym paredwods 100704 ‘e PUB §O°0>d ‘4 ((1d9) sprdijoydsoyd orseg
‘("1av) sprdrjoydsoyd orp1oy (DJQ) [0190413[Apreydsoydip (1) sutwejoueyio[Apneydsoyd

‘(1) 1onsourApeydsoyd (sq) eunresiApneydsoyd ‘(D) surjoyoApneydsoyd (N dS) uredwodurys
‘SUOT}RAISSqO Juspuadopur § JO JNHS F UBOW S UQALS aIe S)[nsaI oy,

20100 F81°0 J00°0FS5ET°0 LE000FPITO 7000 + 810 1d4/Hdd
L1000+ €00 L0000 F €00 000 F050°0 100°0 + €T0°0 1d4/Sd
J000++0°0 L0000 F%0°0 L.c00'0F8L0°0 2000 + 0800 Tdg/1d
e, C00FSTO LHOOOFLTO WJ00°0 F EYTO €000F 6170 1d9/1dV
LLOTFS6T LB T FETE LOLOF 6611 9L'TFE8¢ 1d+Sd/1dL

e L9 FSSS JOTFLSS WOV T FTOTT 60°S F9€L Id/1dL
e, OTVFEIL o8 THFTTUL wHOTFESBE $T9F 88 Sd/1dL

e, 0000 FST°0 9000 ¥ 600 ..300°0 +08Z°0 $00°0 +01°0 Hd/WdS

22000 F11°0 S00°0F80°0 70070 F 0020 $00°0 + 60°0 DOd/NdS
L900F 68T 980°0FCTE'T JSO0F 191 6£0°0F0T'1 Hd/0d

WSOT0FISS BLE0F 9SS Wl 1T0F66'6 9STOF Sy 1d+Sd
DLTXI1d pajean X 1.d DI 100U0) IajeuIeIR

uoppuod spdeqide pue [013U0 UY BLPUOYIOYIU JIAY Jo siajowered spidijoydsoyd uo Jmauneany (9 17) suiSigowe| Jo 30017 ST Qe

$9¢



266

dnoid paean X 1.4 Yim peredwos 100 0>d ‘@ ‘dnoid jonuo) ym paredwios 100°0>d ‘xx PUR §0°0>d ‘4 {(1de) sprdioydsoyd orseg
‘(7av) spidioydsoyd o1p1oy (DJ ) 1012041814preydsoydip ‘(34) sunuejoueyiaiApusydsoqd

‘(1d) 1ousourApreydsoyd (Sg) surresi&pneydsoyd (D d) eurjoyordpueydsoyd (A dS) urjeAwoguryg

"SUOTBAIISQO Juopusdapur § JO INFS T UBSW SB USALS 01 SJInsar oy,

¢4, L0000 F61°0 SO00FET0 VOO0 FLET'O €000+ 0€1°0 1d9/Ddd
¢C00°0 F €0°0 LC00'0F €00 200°0 ¥ ¥0°0 <000+ 0v0'0 1d4/8d

2 C00°0 F50°0 LE000F¥0°0 000 F£0°0 100°0 ¥$%0°0 1d9/1d
¢, 0000 F LT0 L0060 F0T0 L000FETO 8000+ 1T0 T/ 1dV
Y90+ ¥'$T JETFVILE PITFELT 1€ TFL9T Id+Sd/1dL

e JOTF6TY B8eFTes WOTEFEPI 891+ 8'6¥ 1d/1dL

e LY FT99 L6y FTIL 0SCF6'LY WI+T8s Sd/1dL
2,000 F €10 $00°0 +60°0 LOO0F60°0 2000F01°0 Hd/NdS
e, S000FC1°0 WHECO0FLOO wE0000F 9070 000¥ 600 DdINdS
AR AN LECO0FTET L0900 F 6571 8100+ 911 Hd/0d
€0+ 119 LSE0F 956 JOT0OF¥6'S 66£°0F 589 Id+Sd
gI0-X1d pejean X 1d g710 fonyuo) Ioyswrered

uonipuod d>pdopde pue [0.43U00 U BLIPUOYDOYI IIAT] Jo siajomreted spidijoydsoyd uo Jusuneasy (1)) WeZEO[D) JO 199117 91 JqEL



267
8). TPL content was further decreased by 50% with increased CHL content and thereby
decreased TPL/CHL ratio (Table 4). LTG treatment caused increased Lyso, SPM and PI
by 1.3 to 1.7 folds as compared to controls with marginal effects on PS, PC, DPG and PE
components (Table 9, 10). Lyso, SPM and DPG were elevated by 1.3 folds in CLB
treated epileptic animals (Table 11, 12). TPL content decreased with the lowering of
TPL/CHL ratio after CLB treatment to the epileptic animals (Table 6). There was only a
marginal change in the membrane fluidity of mitochondrial membrane after AEDs
treatment to the epileptic animals. In general Lyso, SPM, PS and PI component remained
elevated above the control values in epileptic animals after AEDs treatment (Table 7, 9,
11). PE component decreased in all the AED treated epileptic animals. The molar ratio of
TPL/CHL in the epileptic animals decreased with out any appreciable change in the

membrane fluidity after AEDs treatment (Table 4-6).

Taken together, PTX treatment showed only marginal changes in phospholipid
composition of liver mitochondria, however, membrane fluidization was evident.
Elevation of Lyso was the common feature in AEDs treatment to either control or
epileptic animals. Increased lyosophospholipids indicate activation of phospholipases,
which are known to be activated by Ca*" (19). Similarly, alterations in acidic
phospholipid after AEDs treatment could lead to distorted charge distribution in the
membrane microenvironment. Oxidative energy metabolism is regulated by proper
functioning of F,F1ATPAse. However, ATPases activity is known to be dependent on

acidic phospholipids, in particular PS and PI (20). Hence, it may be suggested that the
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changes in the kinetic properties of mitochond:ia_l ATPase (Chapter 4) could be attributed
to altered PS and PI components and altered membrane charge distribution after AEDs
treatment to control and epileptic animals. A decreased efficacy of ATPase means that
mitochondrion is less able to sequester energy required by no. of metabolic processes in

liver.

As evident from the data given in Table 13-16 that, drastic alterations various
phospholipids parameters and ratios after AEDs treatment are marginally affected in the
epileptic condition alone. Additionally, substantial alterations in acidic to basic
phospholipids ratio, SPM to PC or PE ratios indicated that, membrane environment
required for the proper functioning of respiratory chain and ATPase is disturbed that

could result in to distorted mitochondrial membrane permeability transition.

Biochemical studies in patients with epileptic phenotype revealed decreased activities of
all respiratory chain complexes in isolated liver mitochondria and decreased amounts of
respiratory chain complexes I, III, IV and ATP-synthase in liver and frontal cortex, but
not in muscle, heart, and fibroblasts (10). Depletion of CoQ that - transfers electrons to
complex I and II of respiratory chain — is associated with CoQ responsive oxidative
phosphorylatoin deficiency in Leigh syndrome (6). Thus, stress condition like epilepsy or
insults like AEDs treatment could lead to accumulation of mitochondrial respiratory

chain disorders that are established cause of liver failure (4).
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Diazepam treatment induces significant changes in concentration of individual
phospholipid classes especially PC, PS, PI and DPG in liver mitochondria (9).
Phenobarbital treatment aggravate diverse spectrum of effects on mitochondrial and
microsomal function by altering antioxidant system and Cyt-P450 activity in rat liver (7).
Nevertheless, valproic acid and phenytoin are known to be directly interacting with

crucial mitochondrial structures like enzymes, respiratory chain -components and

membrane (10-12, 13, 16).

The liver is possibly the most important site of lipid synthesis and storage (21, 22). It is
well documented that metabolism of individual classes of phospholipids play a vital role
in maintaining the integrity of biological membranes by affecting their turnover rate.
Moreover, it is well known that phospholipids are essential structural and functional
component of liver plasma and subeellular membranes like mitochondria and act as

enzyme activators and precursors of bioactive substances (23, 24).

The observed changes in composition of membrane and content of individual
phospholipids like PC, PS, PI and DPG after AEDs treatment could have major effects on
the energy state, the signal transduction pathways as well as the membrane stability and
permeability of liver cells. PS is required for activation of Na',K*-ATPase, while PI
activates phosphodiesterase (25, 26). Both of these phospholipid classes play a role as a
modulator in the receptor dependent activation of a variety of cell surface enzymes. DPG

is located in the inner mitochondrial membrane where, along with PC, it has been shown
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to play an important role in the activity of mitochondrial proteins such as cytochrome ¢
oxidase (27), the ADP/ATP carrier protein (28) and the mitochondrial phosphate
transporter (29). Other phospholipid classes are associated with the activities of enzymes

like Ca®*Mg**-APTase, adenylate cyclase and glucose-6-phosphatase (16, 27-29).

The common side effects of AEDs treatment are drowsiness, ataxia, dizziness, nausea,
memory impairment etc (30). Therefore, in general, AEDs can exert alterations in the
liver mitochondrial lipid composition in control animals. However, despite of marginal
change in PTX treatment group, the AED treatment to the epileptic animals differentially
affected the PL profile, which is clearly pinpointing the sole cause of AED treatment in
liver mitochondria that could be attributed to precipitation of above mentioned side

effects.
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Summary
Effect of PTX-induced epileptic condition and treatment with AEDs (CBZ, LTG and
CLB) on lipid/phospholipid profile of rat liver mitochondria was evaluated. PTX
treatment resulted in marginal changes in the percentage composition of individual
phospholipids. CHL content was increased by 1.2 folds with 14% decrease in TPL/CHL
molar ratio. Membrane fluidization was prominent in PTX treatment. TPL content and
TPL/CHL ratio were decreased in either treatment with AEDs to control or to the
epileptic animals. Lyso, PS and PI components was elevated by 1.3 to 4 folds with AEDs
treatment to the control animals. When epileptic animals were treated with AEDs, Lyso,
SPM, PS and PI components remained elevated with general decreased in PE as
compared to controls. TPL content and TPL/CHL ratios remained low in the epileptic
animals treated with AEDs. In general, AEDs can exert alterations in the liver
mitochondrial lipid composition in control animals. However, despite of marginal change
in PTX treatment group, the AED treatment to the epileptic animals differentially
affected the phospholipid profile that could be the possible reason for mitochondrial

respiratory chain dysfunction and reported side effects of AEDs.



