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The Mechanisms of Valproate-induced Hyperammonemia and Hepatic Injury :

with Reference to Unsaturated Metabolites of Valproate
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TEE, 2FI6tH, & VPA B BEED 3 HTH
VPA 7 5 BB EY~ OB 5 2 58
#RETL 72, @ 512, EERo 3 AT & AR
BEHOMFBRE)MFET > E=TEEIZEZ
SREELREL 2.

I

IHIZAFRIZAH L TRENE S 11721066

(BYESTHI, 4rEd9B) DTA»ABRET, &
¥, VPABELHE, VPASEIIZNFNO
~62m (F¥)£SD.:22.2+15.5), 1~172#
H(60.7£50.1), 2.7~50.6mg/kg/H (19.4 +
10.1) TH - 72, 345 % VPA HFEES6H] & LA
GEREESOBI o 2 BREC T 7208, GEREE L T3,
10T T 1H CERTX> Vo TEEY)
NAEL, 1IEHUETIZ2HU ERZ L) 28
IR L Tv 5 fEHIA % H~ 72 (Table 1), #
IR - SRIGFARE % LB L 7255512, i, VPA
GEHE, VPA RS EICEEERRREDO LN h
- 72,

P TRAZCIEROREAICERML L, SIfEA
ZEHMi L 72, VPAB L 182 -en-VPA( 2 -en),
3-en-VPA (3-en), 4-en-VPA (4-en) &
ZODTENRBEYO MFEEEIZ GC-MS %

(JEOL DX300) iz& h#lIEEL 72, HEDH &
08%l (HFIFES3IFI, ZRIGEAEEWE) T, [
REICIAET > €= TIRERIE & £ D10
a9f#: (GOT,GPT, y-GTP, &) L v BE)
LHAT L 72, #iatSER9#EAT 12 Spearman rank
test & Wilcoxon rank sum test |= X D {Tvy,
p<0.05% #at#aicAE L L 72,

#w R

MED S BL166I (15%) TEREOESR, 5K
FRE HDLVIIHEERS RS Nz 0Y, FFERkE S
SV EELHBREREE L RL 2EIE k-
72,

VPA, 2-en, 3-en, 4-en NIFEBEEIZZF
nZFN7.8-116.2 uxg/ml (45.3+24.0),
0.29—7.78 ug/ml (2.66+1.67), 0.3—2.92
pug/mi(1.18+0.54), 3.8—424.3ng/m!

(89.8477.6) Th -7z BIERHMR L 2B &
Roner o2 L2, ZAbL0E
BIrAEEEZIRRO LNk - 12, BRI T, VPA
b ARACHEY~ O 3 & L § 2 1 Eefn
BEY/VPA HIC 5 2 2 i & 115 VPA i
BENREZRET L7225, 4-en/VPA L& 4
BIIEBELCADOFEEZ/R L7225 2-en/VPA
¢ 3-en/VPAHTIIMBEREE TR L -2

(Fig.1). 4-en/VPA M3 & VPA BE L&
B EOMBEE/RL 7245 iz 2 -en/VPA L &
3-en/VPA MtidMiiE VPABE L BB AN
B4R 72 (Fig. 2), 11U EofERIT, %%
PRI ERIBC B, 4-en/VPA WLIZEE
IEfE%, 2-en/VPA LLIZAEEICERMELRL 72

(Table 2), 10EELLF DRI TIE, SHIGEHE
& BEERE 2 ik L TR e/ VPA ftic
HEEEZR o1z,

M7 > E=TBELUETE 28T, 7T
YEZTIBEIR25—131ug/d] (62.4123.4) D
#HEICH Y, BIEE RS zfER (1661) &
RoNeh - 7280 (826) oIz BEEEIZ Y

Table 1 Coadministered antiepileptic drugs with VPA in 50 polypharmacy patients

Number of cases

Number of AEDs Drug score/

Range of age
PHT|CBZ| PB

PRM|ESM | ZSM |BZDs|Others| 1 2 3 4

body weight

—10 (n=16) 2 2 6 0 1 0
11— (n=34) 24 20 8 12 1 4
Total (n=50) 26 | 22 | 14 | 12 2 4

8 0 13 3 0 0 0.082£0.065
2 11 | 10 | 10 3 0.201%0.122
10 2 24 | 13 | 10 3 0.163+0.121

AED : antiepileptic drug, PHT : phenytoin, CBZ . carbamazepine, PB . phenobarbital,
PRM | primidone, ESM . ethosuximide, ZSM . zonisamide, BZDs : benzodiazepines

Drug score was calculated according to the clinical efficacy of AEDs by Kaneko, et al.(1988) .
The values of drug score/body weight were expressed as mean *+ standard deviation.



TA D A BT FRIRBEM T RFH % 3 5% 19914124

2-en/VPA (%)
.
n=-0.003
NS
15
L]
.
-
L)
10 .
* ® .o. .
.. - . . *
\_' .\ . . L]
L]
5 - e
e ’ . ¢ °° *
. LI
ol * 1 1 |
0 20 40 60
Age (years)
Fig. 1

patients.

2-en/VPA (%)

. Te=-0.327
15| p<002
of . e

c et
L s ° . .
s o Cev ° o*
L] .0 . e
'l 1
(0] 50 100

Serum level of VPA (ug/mi)

3-en/VPA (%)
. 4-en/VPA (%)
10 r . .
=0.
;S 136 06 re=-0.513
p<0.001
L] b 0.4 -
.
51 . . ¢
L] L] .
. * . - .
S P
. . 02F *_°, s
:’ou, et ' . .. ':-‘ o ' ° .
0o Ll o - °0 L @ e o
ot o . - . -
. e s o ° o« o
ol _ ] | 0 I 1 1 i
(s} 20 40 60 0 20 40 60
Age (years) Age (years)

Correlations between age and the metabolite/VPA ratios in 56 monopharmacy
rs : Spearman rank correlation coefficient
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Fig. 2 Correlations between serum level of VPA and the metabolite/VPA ratios in 56

monopharmacy patients.

rs : Spearman rank correlation coefficient

Table 2 The effects of concomitant antiepileptic drugs on the metabolite/VPA ratios

Serum level of 2-en/VPA 3-en/VPA 4-en/VPA
VPA (ug/ml) (%) (%) (%)
Monopharmacy group(n=34) 41.0+19.6 7.10£3.60 3.35+1.84 0.133+0.053
Polypharmacy group (n=234) 37.0x22.1 5.31+2.82* 3.46+2.05 0.188+0.116"

Subjects consisted of 68 patients older than 11 years.
*: significantly different from monopharmacy group (p<0.05)

(mean+S.D.)
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otz HEIBETIMT > €= TIRE & H,
nEVPARBEOBICAEZS HBII > - 72
(Fig.3). 2-en (rs=—0.233, NS) & 3-en
(rs=—0.107, NS) o MiFgEITMIET > £ =
TEEXAELHEEARST, 4 -enl3FELA
DR ERL 72 (Fig.3). ZXIFHETIZE
#i, VPA B & U R ICEE Y O IE IR E & 1
BT L R TIEBENMICEELERIX L2 -7,
LHRNGFHB I BAIBE L 8L, MET =T
B, GPT, y-GTP I3 FEIz&SHELZ KL, £
e BERAEEICKELRL 2 (Table 3).

z =

VPA 12 & 5 e R EOT LR L&
AT MR TH 5 L BMES N T 55,
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HILY7, MRS EA REZE ) 2 LN

Tw3",
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en{zIta> F)TTHOLEELIZE D ERKS
1, 3-enix 2-en DEMILIZL D EREND &
WEIN T, ZHUzxtl T, 4-en DAERK
3 I 7ovV—2anF t 7 o—L P-450BEFI K
FY 5,

Zimmerman & Ishak?®?, Dreifuss 523 VPA
12k BEGEMEHEENESA LB L, FFEIE
BRFOHO—D2TH2 LIEHL T3, KIFRT
13, VPA 7%, 4 -en ~ORBIEFFHII L ED
~ 72, 2512, VPATREFRDTAD»A DB,
SHAEL 2FERIZBWT 4 -en DFEEARIE L
TR EVIHREYVYH D, L2 ->T, HEFE
T3 4-en DERAE L, Lo LHRIEASEIEL T
Wh e, HEEDREEIBFLDLHEES
na.
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Fig. 3 The effects of age, serum levels of VPA and 4-en on plasma ammonia level in 53
monopharmacy patients. rs : Spearman rank correlation coefficient

Table 3 The effects of concomitant antiepileptic drugs on plasma ammonia level and
other biochemical parameters

Ammonia GOT GPT Y- GTP Bilirubin

(ug/dl) /1) U/ 1) U/ 1) (mg/d?)

Monopharmacy group (n=53) 57.4%20.7 29.2+8.0 21.4+8.0 16.2+37.3 | 0.60x0.26
Polypharmacy group (n=45) 68.4+24.9% | 27.0+11.9 | 28.0x17.0* | 102.5+184.0** ‘ 0.47%0.22**

*: significantly different from monopharmacy group (p<0.05)
* *: significantly different from monopharmacy group(p<0.01)

(mean+S.D.)
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ZHFAL VPAIC L 2 FEENEREFD
—DEEZ LN THE N2, Sugimoto & DEWY
EBRTL 7z /7ILE =3RRI VPA O
FEHAIEE B EHAURINT B2, ABRT
13, 1B EDEF THhNbNDLFIDIED
WL T2, ZRGEFHIZ VPA D 5 4 -en
~DORB LR, W12 2 -en ~DBIZHIH]I L
7295, 10T OEFITIZZ L 5 xhRiz %
oz, IFEUETIE72=F4>, HArN=
rEY, 72 /00—, TRy
NF b+ 7a—40 P-450BER L FZETIHTAPA
N 2 FLL EDFERAE L, 10 LI T~
VTR 1 HDADHAD S 52, LT2
o, BRBEERE2ETIH TALARS
ZFE, ZRICHATIUIT 213L 4 -en DERD
MY L0 EZ LMD, FRIGHIZLS 2
-en DIRBOMH, Tbb gELOHIHNIZIZ
4 -en O, [REFEED B BE{LICER o b B
AHI=F 2 OET 207 CHBRfRL Tv» 2 ATHE
M H B,

VPA D EEIHEKGEE TH 2 & OHED
i BH5 AR TRl VPA BES MY 5
12O T 4-en ~DORBIZELE L, 2 2 -en &
3-en ~DORBHIE T L T2, VPA, 4-en &
LIZABILZHMHT 2. HLN T2 D
TY, ZH 6oz L) g Ebiz L 2 EER
PRI NDLDEHESIND, L7255 T,
& VPA EBEIIEL Vv 4-en i E g B(L
HMHElz oL nEEZ Hilb,

DEoEE, LZHIGHE, & VPA MFBEL
VPA @iz 52 228 % F L dHehsh, VPAIZ
F2FEENRBWT+HEL (ALH, T
INLNEFIT 4 -en ~DRBERAL, BEL
72 4 -en {3 VPA o g BE{b#30HI13 225, £5|6#
BoOBIZIZAN=F LT 2T 5 g E(LHD
#l, & VPAEBEOKRIZIIVPABRICLZ 88
LIl L b 5., B BAbIc & 2 ARBHER A 0]
ENBE, I 70 —L0 P-450BEEITIKET
b 4-en ~DRBOKLEN S HIZEEY, 4-en
DERPFZTETHEMT 2, L) BERIT
B LB ATHEBEYE 2 5115, Kingsley 5 in
vitro DIFFENFERIT 4 -en D HHA HEKTF

WTHEZERRBELTHDLNTY, 4-en NH
I Bl L CHREFBOMRBEEL®RZ D, D
IZI3BGEMITEEIRETLLNDEHEING,
72, 2 s VPA fGHOZEMLIT, BOEHFREE
ENFEH THRESINT B VPA B RE & 5
LTEhniew ZoBELbILLILOHESZE
DIFELDENZ B,

FEHEIIET > =T MUE % 1 BOEHEE
DEBEFND—D2E Vb T 5572, REFFET
TEEEMET > E=TEE L OMICEE LR
BRELNL 72, Lzd T, ELVWHFE
EDMEZ b L WET > E=TMEIZET S
RN, FMEAFRIEETCRLZLDEEZ LN
b,

IiNE TS, VPABEHOMmMBET > £=T iR
EhiiE VPABREIIKTET 5 L 0BES 1995
A0 AR CIAmE VPABE LT =
TEECHEY S e -7z, LA - T, VPA
12X BRFEHA 7 0HIHIZ FBAESHFET S
AR, MiE VPA BEAERES W3 ZN
UTOBEIZIZNET > E=TEEIINT L%
BRI T WL H B, L7
- T, SHEEEL EL & TRERE O ILF
VPA BENMIET . T=TIEBEIZE 2 2558 %
FERZ L ICRETT R LENH S,

bNHLNOFRIZKL T, ik 4 -en BEIZ M
|7 ETERESEBOMEEZ KL, Lizd
ST, 4-en BEPETyE=TIHE*>ELT 2
EIZFE 2 D20, 4 —en DA EY R L T
W ATREEIIELICIITETE o\,

AT TlE = N F TOWME & FIREY, £#I6H
BCIIEARL OMET > 2= TIEEIFEET
Hotz, ZHRIHERABETRI M2 FITHOLE
1L Hf 2 Rme§ B R RS HR & L7z os, Fe T3 ARES
B B EALIENIE 7 £ F L CoA, N-T 1 F L7
WE I EBOKT, AN =)L) CERARKEE
F 1o ENL TRET A 7 VHHIz D% hs
Lr¥RL W39 Lizh->T, ZHIHRIZ L
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I EZ 5N 5,

ZF OB EALZERREDORERICET 2 £/I65
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Summary

The Mechanisms of Valproate-induced Hyperammonemia and Hepatic Injury :
with Reference to Unsaturated Metabolites of Valproate

Koichi Otani, Tsuyoshi Kondo, Sunao Kaneko,
Takayuki Hirano, Yutaka Fukushima, Hideki Muranaka,
Nobuo Koide, Masaru Yokoyama and Shinichi Nakata

To clarify the mechanism of valproate (VPA)-induced hepatic injury, the
effects of young age, high serum.VPA levels, and coadministrations of other antie-
pileptic drugs on the metabolism of VPA to its unsaturated metabolites, 2-en-VPA
(2-en), 3-en-VPA (3-en), and 4-en-VPA (4-en) were studied in 106 epileptics on
VPA. The associations of the three risk factors mentioned above and serum levels
of mono-unsaturated metabolites with plasma ammonia levels were also studied. In
the monopharmacy group, the 4-en/VPA ratio showed a significant negative
correlation with age, and a positive correlation with serum VPA levels. In patients
older than 11 years, the polypharmacy group showed significantly higher 4-en/VPA
ratio, and lower 2-en/VPA ratio than the monopharmacy group. Plasma ammonia
levels were significantly higher in the polypharmacy group than in the monophar-
macy group. The present study suggests that young age, high serum VPA levels, and
polypharmacy enhance the hepatotoxicity of VPA by accelerating the metabolism of
VPA to 4-en, the most hepatotoxic metabolite. It also suggests that polypharmacy
induces hyperammonemia by inhibiting g-oxidation in mitochondria.
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