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A Study on Plasma Concentration of Antiepileptic
Drugs, with special reference to Unbound Form

Part 1. Unbound Form Rate of
Antiepileptic Drug
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HThAMAZEDS5S Phenobarbital (PB), Phenytoin (PHT), Primidone (PMD),
Carbamazepine (CBZ), Sodium Valproate (SV) 2R OHBEEZHLAVLEA
81 &% xR(C, Ultrafree® (& B[RSMRAZEAL, BRRESE EMIT® [CLVYHTAD
AEMFBRELZEAFZEANREOAEZ2TRVUTORRER .

D hELRENHE (b3 BMmP RERS HET 3L, PB-PMD - CBZ T}
60 %Ll EHEMRERICEL TLWichi, PHT - SV FZhEh 11 %, B%ICTERI-
1=,

2) SHEORTAMAEOmMBEERELZAFLFARREGSVEEAZTRL, FHERA
JEREASR(T PBA55.4+5.33%, PHT $18.5+1.40%, PMD $175.3+3.62%, CBZH
14.7+2.47 %, SVH 12.5+3.23 %L WS BEHDEEZRLT-.

3) PB:-PHT:-PMD:CBZ [C&\ Tk ZEAEHARL MPETLT I RE LORMIC
FHREBEROShkh -7,

Plasma concentration of phenobarbital (PB), phenytoin (PHT), primidone(PMD),
carbamazepine (CBZ) and sodium valproate (SV) from 81 adult patients who had
no disease of the liver and kidney were determined by enzyme immunoassay
technique (EMIT®), The total concentration was first determined and protein
free plasma water was then obtained by the Ultrafree® ultrafiltration for deter-
mination of the unbound form concentration. Results were as follows.

1) The distribution of total concentration was compared with the so-called
effective serum level: above 60 % of PB, PMD and CBZ were in the range of
effective level, but only 11% of PHT and 23% of SV fell within this range.

2) There was a strong correlation between the total concentration of these
five kinds of antiepileptic drugs and the unbound form concentration. The
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unbound form rate was varied from one drug to another, with 55.4+5.33 % in
PB, 8.5+1.40 % in PHT, 75.34+3.62 % in PMD, 14.7+2.47 % in CBZ and 12.5%

3.23% in SV.

3) There was no correlation between the unbound form rate and plasma

albumin level in PB, PHT, PMD and CBZ.
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Fig. 1. Pharmacokinetics of antiepileptic drugs

(AED) in human body

fn< receptor sites ICF|FE L EKEEM A RS
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B AIMCTAD A RO BT EYEE L 1T
55X CIXhWEELLSTL 5.

SEEEL, BAFBEEEERTANAE
MFAREMNEDERLH O T 5%, Phe-
nobarbital (LIF PB L #&3), Phenytoin (L)
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PLTADAZEEERNE 21X homoge-
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HMCANPAEREFEE LR glucose-6-phosphate
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Fig. 2. Frequency distribution of plasma
PB concentration
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Fig. 8. Frequency distribution of plasma
PHT concentration
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Fig. 4. Frequency distribution of plasma
PMD concentration

PMD TIIfRIEEE A 5 ng/ml, EEIEAT
BEN 3 pg/ml BRI IBIE AR R L7z,

CBZ © % M¥EEsL 1~T7 pg/ml 12 i A\ 4
finmxbhtch, BAFSAIMRE 1 pg/ml
i 32 AR DRy 80 %% Hadic.

SV it # L 20~40 pg/ml it 546
0%, EEEEAT BEX£6 10 pg/ml
K TH - 1z,

MR EENFEZENTADAEDOVHLY S
Hxpm e e (PB: 10~25 pg/ml, PHT :
5~15pug/ml, PMD: 5~15pug/ml, CBZ: 3~8
pg/ml, SV: 50~100 pg/ml) & KT 2 &,
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CBZ concentration
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Fig. 6. Frequency distribution of plasma
SV concentration

PB-PMD - CBZ iz xh % 62, 62, 69%»
BRIEERPNCIE » T ieps, PHT - SV €
rhEnll, 8%+ EFREBEY RLC
B H G ic.

2. BRThHARDEAFRHER

PB - PHT - PMD - CBZ - SV o [#fEie BE
LB IEAE AT OB 3 Table 1, Fig. 7
RIS, TR RIS\ AR AR B
h, HBIERH (DX Thrh, 0.982, 0.929,
0.997, 0.926, 0.828 T SV %\ 7= 4 #TlX
0.1 % DR THEESMEEERL, SV 0.5

(9% #H15 1983)

Thale 1. Correlation between total and
unbound plasma concentration

‘ H regression line | r ’ p

PB || N=55 || y=0.63x—1.31 | 0.982 | $<C0.001
PHT | N=10 | y=0.09x—0.02 | 0.929 | »<0.001
PMD | N=13 || y=0.80x—0.29 | 0.997 | < 0.001
CBZ | N=35 | y=0.16x—0.04 | 0.926 | »<0.001
SV | N=13 | y=0.12x+0.32 | 0.828 | p<0.005

1g/ml PMD
104 / PB

Y=0.63X—1.31
r=0.982
P<0.001
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P<0.001
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Fig. 7. Correlation between total and
unbound plasma concentration
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Fig. 8. Frequency distribution of per cent
unbound antiepileptic drugs
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A, PHT Tt 5~10%, PMD Tix70 %A,
CBZ T3 10 %5, SV Tz 10 ¥ BicEHL T
BY, BHRTADAED BEA FFBEEERD FH
%, PB ¢55.445.33%, PHT ¢8.5+1.40
%, PMD ¢ 75.3+3.62%, CBZ T 14.7+2.47
%, SV T12.5+3.23% & B TANAEKT
ThZhBEEOEXEL, FA—EHCIEAFE
HARILIZIE—EMEE R L.

3. EAFHARLMBTILTIVERE

PB - PHT - PMD - CBZ - SV & 4 [#fich ¢
EETABERRXT AT I VvTH DD, MFET
N7 VBENEAEEERCRITTHEYR
Wi BT AL AZE I iR BRI E R RRaC B
mr, m#E7r7 3 VRERRE L. 07
ATV BB £ 3.5g/dl BT IER
Wiz - 7.

PB. PHT « PMD « CBZ 12D\~ C [fi#f 7 1
7 v RE L BEAIEEERLE O Bt Fig. 9

‘ I regression line l r | P

PB || N=50| Y=—0.91x+59.37 | —0.067
PHT | N= 8| Y=—0.22x+ 9.23 | —0.092
PMD | N=11] Y= —1. 14 +81.37 | —0.171
CBZ | N=24| Y=—1.88x+23.45 | —0.324
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Fig. 9. Correlation between per cent
unbound antiepileptic drugs and plas-
ma albumin
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TADADEYFRIRIBRBC S bR
TADAEDBERLGIEE S0, FEACED
HIHBEORE, B 725 BAIELVR
K, Bz L 2EpOFEEROFE
DRBCLEBILET, ThLOBHREBS
Te DT AL AT I B HIE LR FEE
EitoTWA,

Buchthal 52 g%, A D HLTAH
ABECHDWTHEBEAMREOBER fTebh,
4 PB - PHT - PMD - CBZ - SV 0@ #{# A
B a8z LB ThLh, 10~
25 pg/ml, 5~15 pug/ml, 5~15ug/ml, 3~8 ug
/ml, 50~100pg/ml & 32 HENL L, EH
BIDOBEWT R I S E e 35 1 DO BEEEE X
BRT\ 3. 4RO MR RERE O/RFR T
PB - PMD - CBZ &\~ Tik £ 5% D 60 %
U EREESRERICEL T\ ops, PHT -
SV 22T BRIRE BRELT © 623 70 LA
EE b7

PHT - SV CBRBEX R THINEh o &
CDWLTE, SV TIREIAA 8~10 Bl & 48
Wb iR EO HR#EB B L <, SEOR
ST S RBBERE N £ B E FIIRZERT D
R 10 BE~11 BRI T o T B T &35 i
W, MAPEEXLHEDS b TOBETE ORIEMER
LR TEboTWHEDEELLR, SVO
Lo BRI 0BV T AL ARMPEE %
FEIC 5103, BRAKIRIESD DRI ¥ TORE%
BFEICERL TR ENREEEZ bR,
PHT oW T REENSH -T2 EEL T
X, SEOWRNREDIZE A LTSHIDERE
Bt Eh, Mz THRE2Y e —ABREFT
BEFOFALHD, 1HKSEH 100mg OF]
23%<, PHT MRENEEATIE VbR
ZHEEAmg/kg/HETEL TV
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HEEZ LRI,

PHT R ZCEBEN £ LIXFER X<
fEREhTsh, #ILY ROPRELEEC
& =4~ LR, PHT ofiff v~ %
BoTEYV A (0~5 pg/ml) ZRT 4 DA
D, REEY <A (10~25 pg/ml) ZR$TH O
DML L, (KIEE PHT OF%MHELRE
B L5238 FIlls? ik PHT ofk v
SAFEav e — AR RENS BYED
PHT oFME REL Tk H, BE> LBE
BREERIC DT, TADA BEHED B
(severity) B3R L TR D A0 BEDOLD
TADABEDRT, bz WMEEERFEIED
BEW X ) BEEDRENELL T DE
LC\w5%. BEEMHRER, Fcro TR
WTIHEFNESICOWTREINDENETH D
LEZ DN, MRS ST BIES
TIBEEDBREYRHN T2 2 LR T, 4
PREFIRRIE DIEGI % X GUC B e B AL B &
Bbhs.

L CADARMAPRELE BN OBITE,
AENERR S L OBRERIC X - THREIND
2, —BICBEECHIC - THWSR D OLME
L L IMHEIRE TH S, PLCA»AFKIILM
il BEA L ATHIC AL, EAKAR
(Bound form) & 3E#E&E! (Unbound form)
D2 ODRETHEEL TR, BT L VEER
DRI S EGTMREALEGTHEELD
hTuwb. LT, AR QL MENEIRM
%388 L T receptor sites IZF|ZE L FEEIEM:
2R LY, AT reservoir & L TORER
B3P LE3hTw3. 20X REAESES
FIHL T A A KRR DR RERALIC 3 1 5 3EH
LEERRABICH D & R, TADARIEOHF
75 b O EIfE R R EAER ORBLIC X b EE#Y
CBE L, BEYTTn- T < 52 CHRRE
IOEELERYLOBELEL LIS,

LaL, BEFEEAIEFIORENEL, &K
BfEAR, JEEARONEED IS PEENIE
DX 5 EME CTREMAYET 500, BKROE
BRIC s\ T 2 RAHIE L T & 2 EIEARATRRI
V. ZhiefRbpb 30 &L L TEBEENTEA

£ 2% (#9% #1595 1983)

CRIEE Shi (AT H 5 R EARE
212+102 mg/d1®) % X O* &K (10~40mg/
dl?) DEEY L - T ZAFGAEBEC A
LX) ETHMENBAET TINASTobh
T, EE, HREREIEAFSEANREY
RBEL T3 &0 S ENS 1O, BRI
FOTHLEYOBECL > WL PHEEETS
DENRTTLDbDODRBNEZHTHDZ LD
B> THRRIGH I EA TV,

4 [E2Z#13 Ultrafree® % H - CRAMNEBS
T WHBH T AN AEDOEAEFE AR L SIED
THEMRCHEE L. BERE A cEAIERS
ERHCTADABRMAFRECET 2 PR HE
ThTwisw., BEE COFEEN L EX A
1EAEFEARIBIL Tk, PB Tk Troupin
B 3.49.8 %, Gallagher '™ 1243%, %
KW 1% 48.39%, FHF'913150.92% & 50%
Aithe W5 MEN EL, HRBITETDH 46~
53 101D L XN T\wb, SODFKEERD
44.8~68.6 % DHIF T 50 % E% R LIHINS
{, F#555.4+5.33 % & 12T FERDOBEE &
—F LT\, PHT iwowTik HAEERS AR
FEHL T 10 ZASPS LREIRTED,
Lunde 5 (ZEEHEAT6~8%, TANAE
FETE5~8%L ATV FT Nt ELT
WBHR, HLOMETE ATV FNAKEL,
Booker &% ¥ 20~22°C Z={E T C BAMES
ERGICHRERTFIG 0.4 %L Lishbh, 4~38
BEH AT Y FORECHEEYRE L, Viuk-
ari 57 OFEDL FH10.7 % THB A5, 4.9~
31.4% & PIEMEORIZ K & L, HAB™
8.4~35.1 L K& IEAZEY REL T 5.
ASEIDFER TR T.0~11. 6 % D T 5 8.5
+1.40 % & A5 Y FIINEh ot B HERD
@ﬁ@ Tt 3[21‘5 10:|:2 %10)11)12) T3 5 #%
BEAE BB ECS BENE L, PHT X
B - ERRNEBEC X > CTEAFBAHEBEI M
FXRDBP b Tha.

PMD DEBIEHE AR L T fEkORE
M CHE R LR, T H101159%, McAuliffe
519 13 66.4%, Troupin H'™ (X78.1%,
Gallagher 5 197 %, » 5\ X PMD 3%
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FREEL TR hE —B LT K67,
Francesco 52 13- pEh & LT, B0
BAZE, PHRZEHRE OBILR, REMIEL S ERIM
¥ TO KHEY BEY DT 5. SEIOF/R
1%.68.2~82.1 4 DEEATTO%ARICELE ST
kb PHEBIEMEAED 75.3£3.62 %5 T H -
7o, RER OB TIXMEB TR I OWLT L 50~
102 %10)11)22)23) (1: i% i‘FDVG _%@ E%K— %
L Tuigus,

CBZ DFEH JEREAERIC >\~ T it Troupin
B 133%, HARLW IX36%, HKTO
R2%LN0%BBLETEMENSL, RERBITER
3 20~30 %' L X T\ B A, SEOKE
1110.7~19.6 % ¥ T4LBIN10 %E%> =~ L,
4. T£2.47 B ERERD MEBE L » N &7x
fix &b, Meinardi® o #Hid L #K BT
R16.7 BT ED »7. SV OEA L LSE 1T
Gugler 5%, Loscher 52 O#f&GIchLbh b
X312 10 %N F &35 4 Da% A3, Eadie®
L FEDRBDOFTSVOBAMESRILEA~0Y
TH5HH LN, MEBITRCOWTLARAD
118.0+£1.0%, REAL® 312 % & HEL
TRD, SEIOERILT.I~I8.THEPRA T
YENRKEN ST L DDOFE12.5+£3.23 % T,
FEFDIENE & 12T —F L T i

£k, PB.PHT-PMD-CBZ-SV 0EH
IR ARYEROBE L BT Lick 25,
FHET CBZ 2NEE % RL1c & &% BRI
b 4 FT RERD XHRIZ ZBN DR E —5K
LTED, ELOBENKEL A7V FER
», TOEHRELTHAL™ (X thyroxine £
bilirubin 7 FOEEEAY IO HHAL T
5HiE A D TADAEDMBERERBE DR ITE
LTAL D58, MEEABEDOHELHIT T
D0 LT, SEIDOERTILSY ZEBREH
TANAEEAIGEROBAZLNIL, &
WCADAEDHE I NS XEEAFFAERE
iR (PB: 5~12 pg/ml, PHT : 0.5~1.5 pg/
ml, PMD: 4~10 ug/ml, CBZ: 0.6~1.5 ug/
ml, SV: 5~10 pg/ml) OFRELAELEZ D
hie.

CBZ 0ER FEfEEEN EROBEC A K

lix & ot LT DOWTIE, 260810 %E%
RL A5V FDONEM oz &, Meinardi®®
DBBEBITRETEL T2 :2ELD LN
FTLL PIEFHECEE N HD LT 2 ltnd
DO, KA T PEESET o Lk ultra-
centrifugation Z il d FETORIEE & D M
BALETHD EEL bhi. LaL, Ulra-
free® i X Z2RAMHEATIL FRiEL 4ml &1
BV E T EA, —EC SHE0 mifEKkeE
FHITHE 5 Z & A TE EMIT® L Dt
X b VEO mifEKT RAERSSE BERE
MAREE b e & FHRN BB 2, Fkki
Millipore® membrane & X b 4 v5 4 v
2D T T  EAE G B — G & TRy O
TaaEl T Lisl, HTFEATULEDL D% A
y bL, 7A73vd 9BLULERESR,
KOV FHNT T D N BIEE & D TE W
BaRTEVwbh TR YRR TSIGHATES
boEBbhs.
HTALARDMPERAFEFBERILTLD
—EBTIEL, ME7L7 3 vE, €y
B EONEEDBESCIE, AR OMY AL
X BETHE bR T3, Porter
5181 2540 PHT RAEZ x4 PHT 0%
PSSR EMBET A7 § v EE(2.8~5.0g/dl)
L OBIFE A H, WECILE - HEI (r=0.825,
$<0.001) #3¥%, Reidenberg 52* 3, PHT
DT AT IVEDERIMET LT I VEER
HMBIL, 15480 REERSE Tk RAFRKAE
P38~25 % T -t DICHA L EH % TLX 5.8~
7.3%THolcEHELTD, LarL, £1
DR T PHT % 5D ABOHFICANAEE
LT AT VIRE L BEANBEERLE ORIC
BRI otz HENED bR -
722 ERBL TS EIONRET N CHANEE
EXHLTELT263.5¢g/dl Y EomiE7 v
TIVREARLEZECERLLDEEL
Hi, Porter 5 &G T ME7 L7 3 v
BE3.5g/dl KD 7 Fla k< & AHBEIE L
HERAA BRI, SEOFER LD, W7 L
7 IVRBENERBRELET AT I VIRERHR
TAMARMBERAFSEERBCRE PEY S
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Z I EHERI S re. Schmidt 30 ¢ PHT - PB- PMD iz zhZh

EAFEBERYELZ 5 5 2 CROAEA O
BLEFL TR NLENDY, SEIOHNEER
LA LI TADAELSRIDERERE RS h
Tuwie. PHREFOERGEAERCRIETEE
2o\ Tk, Lunde 517 3 PHT 2o\ T in
vitro TOF—x —% #E L Tk v, Salicylic
acid, Sulfisoxazole, Phenylbutazone 7r & EH
XL T B oM\ EE O T % & PHT
DEEMEEMET T5& L, Brodie® HiRH
#Mt- & 213 Phenylbutazone, Sulfonamide,
Cumarin, Anticoagulant, Salicylate (¥ 7 1~ 7
IVHTFRBECEOTO D, ThbDEY
LT AHARMTANAEOEAMS G
EBEZIERC ELbE LTS, L1,
PB - CBZ /s & D> i TA2AZIL PHT &K
EfEAICIEE A CEEYRIES VY &L,

X

BEAI L T & K EAFG A TRECIIE/LD
ZbREWERN, SEIORFETLHTAIA
EOFHOEEBIZTHE LML LTI
LDEEZ BRI

PB - PHT - PMD - CBZ - SV BRAKA TA
MABRETE, MWE7TALTIVE, YL EYV
B EGH Eod X 5 LFFRBCERE T,
BEARBARCEEY S IIFTEAYHAL T
WA, MTADLAERMBRRE X b EBIE
EATIRBENIZITHEENRE L EX bhi.

KL OESIZFERIS6 4 10 A, 57 [E7E A ARKEH
MRS S\ TRE L.
BEEbbIcdich @igHE, ARMEEV-IIGE
Bl ARIEI EHBIRCHBEERT I L L b,
AP FRCE@B A F SRR AR R B E R A AL
TR L ¥
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