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The determination of serum concentrations of 4 antiepileptics (phenobarbital, phenytoin,
carbamazepine and valproate) was carried out for 125 epilepsy patients in the Shinshu Univer-
sity Hospital, Departments of Pediatrics and Psychiatry. It has been demonstrated that a 80%
of patients could become seizure—free with each or combination of 4 kinds of used drugs if an
adequate serum concentrations were obtained, The serum concentration of phenobarbital,
phenytoin and carbamazepine was determined by means of gas chromatography and two kinds
of enzyme immunoassays, and the determination of valproate was performed only by gas chro-
matography. A significant correlation between given doses and serum drug levels was observed
in the case of phenobarbital but not in cases of phenytoin, carbamazepine and valproate, This

may indicate that the maintenance of a proper serum drug concentration is rather difficult in
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an oral usage of several drugs. Thus, the monitoring of the serum drug level might be very
important,

In the administration of phenytoin, the serum concentration was greatly influenced by the
dosage form, i. e.,‘ powder or tablet., The serum level (zg/ml)/oral dosage (mg/kg/day) (S/D
ratio) of phenytoin powder.was 0,57 2 0,53 {mean & SD, n=62) and that of the tablet was 1,19k
0.87 (n=35), showing a significant difference, Moreover, when the dosage form was changed
from the powder to the tablet for the same patients, the S/D ratio increased to 8,4 times more
than the powder's value, These results show that a serum drug concentration is affected by
the different dosage form. ‘

(Received for publication, February 28, 1981)
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Table 1. Conditions of GLC analysis for antiepileptic drugs
No, | Compounds C?Ilunr%n T(E%I)J (ml/ﬁfin ) Derivatization Internal standard
1 PB 3% OV17 222 40 methylation* »-MPB
2 DPH 3% OV17 265 35 methylation** p-MPPH
3 CBZ 3% OV17 230 40 non imipramine
5 % DEGS
4 1% 1 % H,PO, 135 30 non phenol

5% DEGS : 5% diethyleneglycol succinate

p-MPB : 5-ethyl-5-{p-methylphenyl}-barbituric acid
p»-MPPH : 5{p-methylphenyl)-5-phenylhydantoin

* :with 0,05M trimethylphenyl ammonium hydroxide
#% : with 1,5M trimethylphenyl ammonium hydroxide

Carrier gas : Ny

Wiy KIS A v kS
£IEHONE LML Table 1 g Liz,

o Hniewy

PB 20mg, PHT 10mg, CBZ 5mg # [fKic 10ml
DAZ—LEBRL, himzo 0.5ml % 10ml
TP B, Zhik PB100ug/ml, PHT 50ug/ml,
CBZ 25pg/ml $HEC 7 b,

SV itk SV 40mg % 10ml OfEEK IR L,
O 0.5ml I3 A & F i\ IR Nk 10ml &
LT Ui, Sk Iml e SV % 200pg &5,

3 PYEBERHER

5- (p-Methylphenyl) -5-phenylhydantoin (p-
MPPH) 20mg, 5-ethyl-5-(p-methylphenyl)-ba-
rbituric acid (»-MPB) 40mg, imipramine hy-
drochloride 10mg # RRIZ # £ / — A ZIBEMHE 1L10ml
LB, btz @ 0,5ml % 10mlicFR+5, =h
1t »-MPPH 100pg/ml, p-MPB 200xg/ml, imi-
pramine hydrochloride 50ug/ml DEETH 5,

Phenol 500mg %2 10ml @ 7 » » kL AZIBHEL,
B 7w rkAsT 0, lmg/ml OB Y%

FCHRT B,

BA R oofEdEge, PREHEEE T TR L0 C i
REET 5,

4 HhAE

PB, PHT, CBZ ol Fig. 1 iwm LIJFkT
fTotes o BB M & 13RI 0.5ml,
AP FRAERE 50p1l%s X 0°0.1 N-NaOH 1ml % 15ml
BT ARET 5. Zhit=—7 A3ml &N
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ISP L IRE 5T 5, = —F LEE OB
BRECBLooBEr L 5 —ERVIET. =—F B
% 0.1 N-NaOH 1ml T8H¥% LIEAKKIRT Vv 4T
WL, =—FA%ETHE CBZ PR h s,
ZRESOuID 4 & 7 — LIIERL, AL RS T
TREAT B,

D7 nh Ve Lic e 1 N-HCI 2ml %z
= —F ) sml THET %, Iblc=—~F1E%0.2-
M-NayPO, 5ml i L, KE% 5N-HC10,.5ml ¢
ke U= —7 AT 45 &L= —F A JBi PB,
PHT »imah s, =—F A% %k PB OB41k

serum 0.5 m!

internal standard soln.0.05 ml
0.1 N NaOH I mi
ether 3ml X2

SN S
sther [(aq: layer |
0.1 N NaOH I N HCIE 2mi
I m! ether 5mi

—l | Ia—
[ag.Tayer |[eiher] [ ag.layer |

0.2 M NasPO;
5ml
ag. layer

5 N HCl I ml
ether 5mi

analysis by GL.C
(phenobarbital)
(phenytoin)

[ ether |

analysis by GLGC
(carbamazepine)

Fig, 1, Procedures for analyses of phenobar-

bital, phenytoin and carbamazepine
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serum 0.2 ml

0. N HCI 2 m!
CHCI3 (include 1.S.)
0.4ml

centrifugation
3,500 rpm
CHCI3 layer

.analysis by GLC

Fig., 2. Procedure for analysis of valproate

0.05M trimethylphenyl ammonium hydroxide
(TMPAH) 501 %2, *#- PHT 0iB41% 1.5M TM-
PAH # 50pl fnz, #Asm~< 23 7CBEALF
VTG aAFAEL T B,

SVoihitiz Fig, 2 KR THETT . Tiabb
MM ¥ fo 3B nE 0, 2ml i 0.1N HCT #jnz.,
X B AR ECH % phenol % 0.1mg/ml &
1r7 r R AR 0.4ml Bz THLIEE 3R
3,500rpm C104 ML HET 5, Bhhic s m ek
NABEFDEEFHAIR= I 7REAT D, Tt
62 OF T SV % valproic acid ¢ LTERES
3,

"B Homogeneous enzyme immunoassay

(EMIT®) #:

1 (R
BN 7 = — 2 YRR
-Gilford Stasar III

Computor printer-CP-1000 (Syva )

Automatic pipetter dilutor-1500(Carvo #-)

2 WEHLD

Fig. 3 R Lic X 5 B s & ok FdkiwE o

sample 0.05 ml’T diluent 0.,05mi
buffer 0.25 ml- butfer 0.25ml

reagent A 0.05ml 1 "‘iXiF‘Q measure

buffer  0.25mi 4 2) standing  at 340 nm
for 30 sec

reagent B 0.05mlq at 30°C

buffer 0.25ml

reagent A :anibody
. glucose-6-phosphate
NAD

reagent B enzyme (glucose-6-phosphate dehydrogenase)
labeled antigen
buffer  :0.055M Tris-HC! buffer (pH7.9)
Fig, 3, Procedure for homogeneous enzyme
immunoassay

414

6 FEFIRNE 50l iz JUEZEM 6T B Pifk, glucose-
6-phosphate, nicotinamide adenine dinucleotide
(NAD) #&¥rreagent A% 50pul ik %, 2 XCPifE
EEET B LRI A L S EEY b -7 glucose-
6-phosphate dehydrogenase kL 7-INEHEY
%4 reagent B ¥z %, ZOBEHELIIBIT
30°C et v b LTHBOKRETIRTI L 30 ER
JGEie %, NAD 7% NADH ~DZ{ba 340nm

DT AREEO EAXNET S L TERT 5.

C ARydtbitkxr Atz Competitive binding

enzyme immunoassay (MARKIT®) pk

Fig, 4 WAL X 5 [ Iif© 1068 HE F ik
#eyg 0.1ml ¢ p-D-galactosidase HERHTE 0. 5ml
& R Y 0. 2ml %Nz 37° C, 6077 A ¥
Fat-va VL, VEREERGELT 5. HOSHET
W, FEEEE (2-nitorophenyl-f-D-
galactopyranoside) 0.1ml %% 37°C, 304y[HE%
FREE TS . 2.5ml O 7 A ) B CHRRINY B
L, %517 o-nitrophenol % 410nm OWNLE
CIET 5.

D HEHFAR

Solubility simulator (sartorius ) #F\,
PHT &l %7-1x #07 100mg © BAERTHE 1
(pH1.2) BIV' 2% (pH 7.4) 100ml & %%
37° ClT st} B HE Y 2150m DR TER LI,
4w 7t membrane filter %30 LT L%,

v ¥ 3

GLC HiikicowC feskkicdt LT R D B R
LfCo
1) CBZ OFIREME & LTz cyhe:

sample 0.imlq )
enzyme-labeled] |n?ubate i centrifuge substrate
antigen 0,5ml-| 37°C, 60 min 1,500g 10 min
antibody 0.2ml
1) incubate 37°C 30 min
2) add of alkaline soln.2.5 ml measure
at 410nm

enzyme : 8- b-galactosidase
substrate :2-nitrophenyl- 3~ v-galactopyranoside
product : o-nitrophenol

Fig. 4. Procedure for competitive binding
enzyme immunoassay
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Influence of trimethylphenyl

ammonium hydroxide (TMPAH)
concentration for on-column
methylation of phenobarbital

)
)
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Fig. 5. Gas chromatogram of antiepileptic drugs
A
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wEEA LT,
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Fo 1.5M 5 0.05M L{ELTHZ &L D PB D
iRl B LA TEK (Fig. 6), /e PHT
DAL 0.05M Tk RRIGHIELD THRR D
1.5M © TMPAH % i\ 7z,

SFIEROBEMEY 3BONEHE, Tibb
GLC, EMIT % L 08 MARKIT #:Ta¥H L, Foill
FED 2T -7 PB OSHHED 3 HREID M
(Fig.7-9) 3 X0 PHT® 3 Zf0EE (Fig, 10-12)
FRAEABEREL 0.92~0. 98 TV FTRL BV EB R LTS,
CBZ % MARKIT D% v P2 HFEIRT Wi
¥ EMIT-GLC o\ T DG % Kb A FERIT
Fig. 3 Rl 5 coBEELEVBELY R L
i

O W IEFIS34E X b 5510 T JI%E Lic 12544
DB DHE 270[H DIWE DR R % 4 « #-H5-FH e
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(Y} r =0.95
pg/m Y =0.99X +0.11
40+

30

20

Phenobarbital level by EMIT

T - T — (X)
10 20 30 40 pg/ml
Phenobarbital level by MARKIT
Fig, 7. Correlation between EMIT and
MARKIT of phenobarbital analysis

(v) r =0.98
pg/m! Y =0.89X +2.0

40-)

201

Phenobarbital level by EMIT

10 20 30 20 pgrmt K
P henobarbital level by GLC
Tig.’8. Correlation between GLC and
EMIT of phenobarbital analysis

() r=
ug/mi Y =

401

0,95
0.85X +3.1

30

207

Phenobarbital tevel by MARKIT

; r - —(X)
10 20 30 40 pg/ml
Phenobarbital level by GLC

Fig. 9. Correlation between GLC and
MARKIT of phenobarbital analysis
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ol ¢ =0.98
Y =1.04X—0,34

P henytoin level by EMIT

(X
3 8 10 ug/mi
Phenytoin level by MARKIT

Fig.[10. Correlation between EMIT and
MARKIT of phenytoin analysis

(Y) | r =0.96
#g/m y=1.08X +0.16
10

[

E 8

w

=

Eel

T 6

=)

=

8

Z 4

2

0.

) (X)

z ) 6 8 10.z9/ml
Phenytoin level by GLC

Tig. 11. Correlation betweenf GLC and
EMIT of phenytoin analysis

Y r=0,92
gglml Y=0.95X+1,2!

Q

=

Phenytoin level by MARKIT
o

(X)
10 #g/ml

2 4 6 8
Phenytoin level by GL.C

Fig, 12. Correlation between GLC and
MARKIT of phenytoin analysis
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Carbamazepine level by GL.C

Fig. 13. Correlation between GLC and
EMIT of carbamazepine analysis
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Fig. 14. Relationship between administer-
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Fig. 15. Relationship between administer-
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carbamazepine
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3001
tablet @
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[
g o
g 200 %
& ® °
= 00
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; 150 le) 00
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@
100 q: o ©
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© 0.800 9
0%0 408°% e
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50-] L ) e o
[=]
% 8
o °
FYJ
e )
0 U T T T T
10 20 30 40 50 mg/kg
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Fig, 16. Relationship between administer-

ed doses and serum concentrations of
phenobarbital
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ed doses and serum concentrations of
sodium valproate
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gglmi po/ml tablet
T 20+ powder O
e tablot e
®
. powdero
@
3
e °
3
§ B
5 151 3
z £ 15+
£ 2
T &
£
f=3
=
=
2
o
10+ °
e [ 10~
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& [} a L)
L] [ ]
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T
5 g o [ N -]
9. .8 o N o 0.
e Co% oC: o ) 5] o °
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[e]
.o ?) 'g ° o} (] (o]
o oOO 3% og o ©
o
8%' Og%o Oé,b ® e
—0-0-06j0——0-0— T T T % @
2.5 5.0 7.5 10.0 12,5 %0
Phenytoin dose ma/kg o 0 o0
Fig. 17, Relationship between administer- 0 ° "o
. T T T
ed doses and serum concentrations of 2.5 5.0 7.5mg/kg

Sodium valproate serum level

phenytoin

pg/ml tablet @
syrup o
200-] °©
o]
150
100
o o
% o
'
o
50 e o © o
'Y 2
o e -]
[s]
0 T T T T . T
10 20 30 40 50 mg/kg

Sodium valproate dose

Fig. 18, Relationship between doses and

serum concentrations at 5~6 hrs after
oral administration of sodium valproate
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Phenytein dose
Fig, 19. Relationship between doses and
serum concentrations at 4~5 hrs after
oral administration of phenytoin
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powder ©
tablet A

% J.P, 1st, solution =«

° .

5.0 J.P. 2nd. solution ———
1)
O
5 ‘,”r_’__r,_,,—a—/’"
g A
a : __A_._——a.—~——a-———ﬁ""
& /%A‘ om0
2 74 o
@ 2,51 £ g
- / -

i /,o”
Pl
o
/0’0‘
/]
0 10 20 30 40 50 60 10 80 90 (min)

Fig. 20. Dissolution test from phenytoin tablet and powder

(19) phenytoin tablet o
_ za/ml 2 phenytoin powder o
2
210,01
g
=1
8
g
2 7.5
£
£
o
5.0
2.54
T T T T T
2.5 5.0 7.5 10.0 12.5
mg/kg

Phenytoin dose

Fig, 21. Effect of phenytoin dosage form
on serum concentrations
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& fT o7, Fig, 17 OfI0 5 BRI AR ¢
B D IR o 723 &, SEFIIRA AN 7 BT, 2D
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0.70 £0.35 TH ko AL 5 % DRBERCHHID
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LT, = O #E O e Uiz £ DR Fig, 21 iR
L7z & 51l &fic miE» LA L, #0S/D i
BROEEE L FEEEREIL 8.4 £ 2.5 TH o1,

vV = =®

GLC, EMIT, ¥ X 0 MARKIT itk DR OO
BARHEN%0.92~0.98L B <, MTAMAEDE= %
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H~DIGHNTES R EDOFER D w T B,

EMIT 2 THME BT % v b 3 BITTH B M
DHREER L < 17 w129 1 HCNETEECSH
Sick, NEDBEZX LD 2 L THER L SR
i o 2 T b~ B Shcuws : Bhhs,
MARKIT @32 EMIT & B Mies OTHD,
WEREL EMIT I bxe085 & Bhbhaa, o
DHY LB D E RIS, SHOE, 1§
AT £ LB OMBE T oI —b S T D 5
WMTHEETED L5 HTHEFTHAL 5,

H3EM) O BIRBDID-D W B £ D4, PB10~
80ug/ml, PHT 5~20ug/ml, CBZ 3~10ug/ml,
SV 40~90pg/ml L\ bR\ B, B DB R
T PBIL-ST Y #LRE VL ODORER & b
WRIEDRBS L bRz, ¥icids A EDBEDLEL,
BRIIZA - T3 & Lig & PB IR0 I [
LRI E VW25,

CBZ X MPEED Y3 v b2k &, BEREM
‘:l:’(gi%gfl(cjﬁﬁgﬁ‘& bRhich oo ELh, &—5“5‘1@%
EXMLCEY L2 B,

SV ZHIERHT LW TH B 7w, FoHme
PR DWW T TR STV B E Ui a8,
il DIy & S8\ I PP EE AR B AT b SR RN
BURLAEBZ BTV, L L bR - ke
L% & Bbh 3 FREENESWTHEI R TWE S &
X YWD, o SRFBC BAER SR X B 8
BOARBETHBOI S FThHi,

PHT OHHIRMABEET spg/ml P vbhssy
T AP REEIZ 3 L2 Bl A Te s & Mt — i 5
LLbi T B 2~5me/kg ORFIDH LTI LIS
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