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Methsuximide is an agent useful in the treatment of
petit mal epilepsy and is marketed as CelontinR 150 or 300 mg
oral capsules. One of its major biotransformation products
identified in blood is the N-demethylated compound, 2-methyl-
2-phenylsuccinimide. This metabolite is pharmacologically
active and potentially toxic. Methsuximide induces its own
metabolism by stimulating the activity of drug metabolizing
enzymes. Little information exists on the pharmacokinetic
behavior of this drug in humans or experimental animals. The
present séudies were undertaken to elucidate the pharmaco-
kinetics of methsuximide after single intravenous doses.

The dog was used as an experimental model since intra-
-venous doses of methsuximide or metabolite were required to
best define distribution volumes. It was found that meth-
suximide obeys the two compartment open model while the
metabolite, after intravenpus dosing, was best described by
the one compartment open model. The m;tabolite plasma level
profile after methsuximide dosing was described by a triex-
ponential equation showing the influence of the methsuximide

biexponential and its own monoexponential equations. The

blood level datawere fit to these equations with the aid of



a digital computer. Parameters reflecting the distribution
and elimination characteristics of parent drug and metabolite
were obtained. The metabolite's biological half-life was
found to exceed that of the parent drug by a factor of about
15. The N-demethylation metabolic step accounted for

approximately 40% of the overall elimination of methsuximide.
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INTRODUCTION

Succinimide derivatives potentially useful in the
treatment of petit mal epilepsy were first introduced by
Miller and Long in 1951 (1). The anticonvulsant activity of
the a-phenylsuccinimides was confirmed by Chen et al. in
1951 (2). It was found that the a-phenyl, 2-methyl and
N-methyl groups on the succinimide ring increased anticon-
vulsant activity while an increase in length of the N-alkyl
side chain decreased activity. Another derivative, devoid
of the a-phenyl group, proved also to be highly efficacious
in preliminary clinical studies (3, 4). Those succinimides

currently in use in the United States are:

CH3
(+) -N, 2-dimethyl-2-phenylsuccinimide I %
(méthsuximide, CelontinC))a —
|
. CHj;
(+) -N-methyl-2-phenylsuccinimide
(phensuximide, MilontinC)) L o
&
. Hjs .
(+) -2-ethyl-2-methylsuccinimide CH,CHs;

(ethosuximide, ZarontinC)) IIT

L4

it

There is little quantitative information on the pharma-

cokinetics of the succinimides in experimental animals or

aCelontin, Milontin and Zarontin are registered trademarks
of Parke-Davis and Company. In all drug studies referred
to, or studied in this thesis, the racemic modification was
used.



man. Methsuximide possesses many interesting properties
which affect its pharmacokinetic profile and was chosen as
the drug used in the present studies.

Glazko and Dill (5) have reported methsuximide plasma
levels in twelve normal adult males at two dose levels
of 0.6 g and 1.2 g in a cross-over design sfudy. Mean peak
plasma levels of 3.1 + 0.5 and 6.8 + 0.6 (standard error)
ug ml—1 occurred at one hour after dosing 0.6 and 1.2 g
respectively. Thus, in this dosage range the plasma level
was found to be roughly proportional to dose. The mean
plasma half-1life, t1/2’ with both doses was 2.6 hours over
the 1-12 hour period. The experiments were repeated weekly
for four weeks. It was found that the plasma tl/z's during
the first week were approximately 75% greater than during
the fourth week. This was interpreted in terms of induction
of hepatic drug metabolizing enzymes. Recent evidence con-
~ firmed this interpretation since administration of I, II or
IIT for three days to the rat resulted in increased oxidation
of hexobarbitone, hydroxylation of aniline, liver:body weight
ratio, hepatic microsomal cytochrome P-450, hepatic S—amino-
laevulinic acid synthetase and a reduction in hexobarbitone-
induced hypnosis (6). These investiqftors also noted a
decreased anticonvulsant activity after three days of
methsuximide administration to the rat.

In 1971 Nicholls and Orton (7) reported on the absorp-
tion, distribution, metabolism and excretion (ADME) of

N—14CH3 labeled methsuximide in the rat. After oral dosing



they found significant levels of radioactivity in the brain,
liver, kidney, heart, adrenals, spleen, testes, lungs,
salivary glands, eyes, fat and skeletal muscle indicating
rapid and extensive drug distribution. Levels in body fat
.tended to be higher than those in other tissues. About 29%

of the administered dose appeared as 4

co, in expired air
within 24 hours after dosing. This suggested that there may
be extensive N-demethylation of the parent drug to 2-methyl-
2-phenylsuccinimide. Rats which received oral 100 mg kg_1
methsuximide doses exhibited anti-leptazol activity for up
to six hours after dosing yet there was little parent drug
in the brain at this time. It was suggested that since the
metabolite also possesses anti-leptazol activity (2, 7, 8)
it may have been responsible for the extended pharmacological
activity: This is not uncommon among antiepileptic drugs as
a similar phenomenon exists after mephobarbital, metharbital,
mesantoin, trimethadione or paramethadione administration (9).
Few studies on the metabolism of methsuximide have
appeared in the literature. Horning and coworkers (10)
found N, 2-dimethyl-2-(3,4-dihydroxy-1,5-cyclohexadien-1-yl)-
succinimide, N,2—dimethyl—2—(4-hydroxyphenyl)-sucéinimide,
| N,2-dimethyl—2—(3-hydroxyphenyl)—succinimide, N-methyl-2-
hydroxymethyl-2-phenylsuccinimide, two isomeric N, 2-dimethyl-
3-hydroxy-2-phenylsuccinimides and a diol presumed to be
N,2-dimethyl-2—(4—hydroxyphenyl)43-hydroxysuccinimide as well
as small amounts of parent drug in the urine of the rat,

guinea pig and man after oral methsuximide administration.



Assignment of metabolite structures was based on gas chroma-
tography-mass spectrometry (GC-MS) after methylation and
trimethylsilylation without pure metabolite reference stan-
dards. Dudley et al. (11) studied the metabolism of meth-
suximide in the dog and identified metabolites in 48 hour
urine by melting point determination, mass spectroscopy, IR
and UV absorption spectroscopy and NMR using pure synthesized
metabolites as reference standards. After dosing one or two
grams of methsuximide, roughly 7-20% of the dose was
recovered as 2- (p-hydroxyphenyl)-2-methylsuccinimide and
N-methyl-2- (p~-hydroxyphenyl)-2-methylsuccinimide. The former
derivative was the primary para-hydroxylated metabolite.
Only a small amount of the N-demethylated metabolite was
recovered as was the case after 2-methyl-2-phenylsuccinimide
itself was administered. There was no evidence of metabo-
lites fo;med by opening of the succinimide ring. No
unchanged methsuximide was recovered and the authors stated
that the N-demethylation reaction is probably the primary
biotransformation route for methsuximide.

Nicholls and Orton (8) discussed methsuximide ADME in
quantitative terms. The absorption half-life after oral
doses in the rat was 17.4 minutes while distribution charac-
teristics were similar to those prevfously found (7). The
2-methyl-2-phenylsuccinimide metabolite was identified in
the urine of the rat, guinea pig (12) and man after oral

methsuximide administration. Although the anticonvulsant

activity of the N-demethyl metabolite is about half that of



the parent drug it has been found to be active for up to six
hours after oral metabolite administration to the rat (2).
The metabolite has been identified in rabbit plasma by GC-MS
after oral methsuximide dosing (13). The parent drug was
rapidly metabolized and within 30 minutes the concentration
of the metabolite was much higher than that of the drug.

The plasma of 17 patients on chronic methsuximide
therapy was analyzed for methsuximide and 2-methyl-2-phenyl-
succinimide using the sensitive quadrupole mass fragmento-
graphy method (14). The metabolite iével was found to be
700 times that of the parent drug. Metabolite levels of less
than 10 pg ml'_1 were ineffective in seizure control while
levels in excess of 40 ug m17t were toxic. This metabolite
is very lipophilic and has a PK of 8.52 (8). Since only
2.7% of the methsuximide dose was excreted into the 24 hour

-

rat urine as the metabolite, while 29% was exhaled as 14CO2
in the same time period (8), a long metabolite biological
tl/2 may be expected. Hence, the metabolite is not only
rapidly formed, pharmacologically active and potentially
toxic, but also may be persistent in the body. The clinical
impligations‘of this situation are obvious.

In 1973 Karch reported an overdose of methsuximide by
an 18 year old female patient who inge;ted about 10 g of the
drug (15). Sixteen hours post-ingestion plasma levels of
drug and metabolite were 18 and 44 ug ml—l, respectively.

At 64 hours post-ingestion methsuximide levels had declined

to 2 ug ml—1 whereas metabolite levels were only slightly



lowered at 38 ug ml—l. The clinical course was biphasic and

consisted of initial lethargy, from which the patient could
be easily aroused, a period of improvement followed by a

long period of profound coma. Since the t1/2 of methsuximide
is less than 3 hours the coma could not have been due to
parent drug and was attributed to the 2-methyl-2-phenylsuc-
cinimide metabolite. The biphasic toxicity experienced with
this drug is potentially dangerous and requires close
scrutiny in the treatment of overdose victims. This case
report emphasizes the need for pharmacokinetic information
not only on the parent drug but also on the metabolite. This
information would also be invaluable in seeking solutions to
problems associated with a drug which exhibits auto-induction
of hepatic metabolizing enzymes and forms active and poten-
tially toxic metabolites.

The present studies were designed to elucidate the
pharmacokinetics of both methsuximide and 2-methyl-2-phenyl-
succinimide after intravenous administration of these
compounds to male beagle dogs.

Intravenous dosing was employed in order to best define
the distribution and elimination characteristics of these
agents in the absence of complications due to absorption
rates or variability in bioavailabili;y.

The use of beagle dogs may be rationalized in terms of
the following: (1) dogs are often useful models in pre-

dicting the pharmacokinetic characteristics of a drug in

humans (16); (2) intravenous methsuximide and



2-methyl-2-phenylsuccinimide are not officially recognized
dosage forms for human use; (3) multiple blood samples over
prolonged time periods were required to adequately define
the pharmacokinetic profiles.

It is hoped that this thesis will provide some of the
basic information necessary to improve methsuximide drug

therapy in patients suffering from petit mal epilepsy.



EXPERIMENTAL

A. Materials

Pure 5 gram samples of methsuximide and phensuximide were
obtained from the manufacturer® while 3 grams of pure 2-
methyl-2-phenylsuccinimide were obtained commerciallyb. Two
male beagle dogsc were used; dog A weighed 14 kg and dog B
17.5 kg. The dogs had free access to water at all times but
food was withheld a minimum of 12 hours prior to an

experiment.

B. Experimental Procedure

The dog was prepared for each experiment by placing it
in a restraining apparatus which consisted of a strong sheet
which supported its body and through which its limbs pro-
truded. 'The limbs were held secure by pediatric limb
restraints tied to the shell of the restraining apparatus as
in Figure 1. The dog was made as comfortable as possible
and was held in restraints only during the initial period of
the experiment, usually 1-2 hours, when frequent blood

samples were obtained.

s ’ - d i y
Two vein infusion sets were positioned, one in a front

L4
8parke-Davis and Company, Detroit, Michigan.

bCustom synthesis, Aldrich Chemical Company, Milwaukee,
Wisconsin.

®Animal care Unit, the University of Wisconsin, Madison,
Wisconsin.

dMinisetR Vein infusion Set, Travenol Labs, Deerfield,
Illinois.



Figure 1. Dog restraining apparatus (upper) showing limb

restraints and vein infusion set placement

(lower).
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Photographs by Shabbir T. Anik.
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limb vein, the other in the other front or a hind limb vein.
The sets had 19 gauge X 7/8" needles with 30 cm of flexible
plastic tubing attached which could contain about 0.6 ml of
fluid. The infusion sets were kept free of blood clots by
infusion of about 2 ml of sodium heparin solution® (10 units
ml-l) into them approximately every hour they were in posi-
tion. One set was used to rapidly administer the drug solu-
tion while the other was used to collect blood samples.
Infusion sets were found to be necessary to assure intra-
venous dosing and to facilitate rapid collection of several
blood samples in the first hour of the experiments without
- multiple venipunctures.

The water solubility of methsuximide is 2.8 mg m1™! at
PH 7.0 and 25° ¢ (5). A dose of 250 mg of either methsuximide
or the metabolite was selected since this represents a low
therapeutic dose in children. One assumption in the pharma-
cokinetic analysis was that the injection was accomplished
instantaneously. The volume of drug solution which could be
injected had therefore to be minifiized and this precluded
the use of an aqueous drug solution. The following co-solvent

system was developed which yielded a visually clear solution

of methsuximide or metabolite at 25° c:

methsuximide or,

2-methyl-2-phenylsuccinimide 300 mg
propylene glycol, USP 4.5 ml

water for injection, USPp gs ad. 6.0 ml

“Saline diluted Lipo-Heparin® 5000 u m1™), Riker Labs,
Northridge, California.




1

Injection of 5.0 ml of this solution provided 250 mg of drug.
The drug solution was prepared within 2 hours of use and
stored in a 10 ml sterile multi-dose vial. Before injecting,
the solution was warmed to about 37° C to prevent chills and
consequent local vasoconstriction (17). The 5 ml injection
was accomplished in approximately 120 seconds. A faster
injection led to drug precipitation and formation of a local
hematoma. The infusion set was immediately flushed with

10 ml of normal saline solution. The set was removed and
analysis of water flushings indicated no methsuximide or
metabolite remained in the set.

Blood samples (5 ml) were then collected via the other
infusion set at 0, 2-5, 10, 15, 30, 45, 60 and 120 minutes.
gollection of blood at 3, 4, 5, 6, 8, 10, 12, 18, 24, 36 and
48 hours was done by direct venipuncture in most cases.
Alterations in times occurred depending on the experiment.
Before each blood sample was drawn 5 ml of "residual fluid"
was withdrawn to avoid the 0.6 ml of heparin solution con-
tained in the set from diluting the blood sample. The 5 ml
blood sample was then drawn and replaced by a 5 ml injection
of normal saline solution. The residual fluid was
re-injected followed by 1-2 ml of hepafin solution 5 units
ml-l. Direct venipunctures were done on any leg. Blood

samples were placed in 10 ml heparinized vacutainers? and

3Green stopper Vacutainer() evacuated glass tubes coated with
143 units sodium heparin, Becton-Dickinson, Rutherford, New
Jersey.
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centrifugeda. The plasma, about 2 ml, Was deep frozen until
analyzed, usually within 2 weeks. Some experiments required
90-100 ml of blood; however, visual inspection of the cen-
trifuged blood indicated no decrease in the hematocrit during
the sampling period.

The minimum time between experiments on the same dog
was one month. This reduced the danger of changes in pharma-
cokinetic parameters due to prior drug exposure, i.e. enzyme
induction or residual drug related materials in the body, and

allowed for complete healing of the venipuncture sites.

C. Assay Procedure

The assay was a modification of that of Kinkel et al. (8).
One ml of plasma or 1 ml of standard aqueous methsuximide
and metabolite standard in blank plasma was pipetted into
13 ml glass stoppered centrifuge tubes and acidified with
0.5 ml of 0.5 N HCl. Five mls of CHCl3b was added and the
tubes were horizontally shaken on a flat-bed shaker for 15
minutes. The tubes were centrifuged at 2300 rpm for 15
minutes or until clean phase separation was aécomplished.
Since emulsification was a frequent problem 4.0ml aliquots of
the clear CHCl3 drug containing layer were pipetted off and
placed in dry clean tubes. One ml of phénsuximide CHC1

3
solution, 6 ug ml_l, was added to the CHCl3 aliquot as an

22300 rpm‘'s for 15 minutes with the Dynac centrifuge, Clay
Adams, Parsippany, New Jersey.

: bCHCl3, A.R., Mallinckrodt, as.supplied.
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external standard. The CHCl3 was carefully evaporated to
dryness in a 40°% C water bath under a gentle stream of N,.
The residue was immediately redissolved in about 100 Ll of

2a and the samples were analyzed on the same day by GC.

Cs
The GCb used for quantification was a programmable dual
column gas chromatograph equipped with dual flame ionization
detectors (FID). A six foot two mm (ID) U shaped glass
column packed with 3% OV-17 on Gas Chrome Q 100/120 mesh®

1 was used. The carrier gas was N2 flowing at 20 ml min-1

while the flame gases were H2 and compressed air flowiné at
20 and 200 ml min—l, respectively. The solid state electro-
meter was set at a range of 10—11 amperes and the attenuator
at 8-64 so that a recorderd full scale pen deflection
occurred with an input signal of 8-64 X 10-'11 amperes. The
GC was operated in the single column mode at an isothermal
column temperature of 175° C with FID bath at 200° ¢ and
injection block at 210° c. Sample volume introduced by the
- on column injection technique was 3 Pl and chart speed was
15 inches hr™'. The column was initially conditioned for

48 hours at 200° C and overnight after each series of plasma
sample extracts were run. 1In order to prevent compound

adsorption at active sites and to maintain column integrity

dcarbon disulfide, A.R., Mallinckrodt, as supplied.
:bNuclear Chicago Selectra System 5000.
EApplied Science Laboratories, State College, Pennsylvania.

farber-Colman Chromocorder Dual Pen X-Y Recorder, Rockford,
" Illinois. :



4%

20 pl of Silyl-—8a was injected onto the‘column after approxi-

mately every six hours of column use.

D. Summary of Experiments

The experiments conducted may be summarized as follows:

Experiment Dog Dose

A A Methsuximide 250 mg
B B Methsuximide 250 mg
c B Methsuximide 250 mg
D B 2-Methyl-2-phenylsuccinimide 250 mg
E B 2-Methyl-2-phenylsuccinimide 250 mg

)

%pierce Chemical Company, Rockford, Tllinois.
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RESULTS

A. Assay
1. Plasma Sample Workup

The plasma sample workup was repeatedly changed in
an effort to gain maximum extraction efficiency and cleaner
samples for GC analysis. Drug recovery trials were done
when CHCl3 was the final GC solvent. Triplicate runs of
blank dog plasma containing methsuximide and metabolite at
concentrations of 0.5, i:0; 2.0, 3.0, 6.0, 8.0, 10.0, 15.0,
20.0, 30.0, 35.0 and 40.0‘ug ml_l, representing the range in
expected plasma levels, were done. The recovery of meth-

- suximide was 92 + 3% while that of 2—methyl-2-phenylsuccini—
mide was 88 + 5 (S.D.)%. It has been reported (5) that
evaporation of the CHCl3 layer to dryness may result in drug
losses. Ho%ever, improved quantitation of drug and metabo-
lite peaks resulted from changing the final GC solvent from
CHCl3 to CSZ which gives a negligible solvent peak. This
change resulted in no significant differences in recoveries
of either compound. All aqueous or CHCl3 reference solutions
used in the recovery trials were refrigerated and found to
remain stable for periods in excess of 3 months. Derivatiza-

L4

tion of drug samples was found not to be necessary for the GC

analysis.

2. Gas Chromatography

Gas chromatography can be extremely sensitive and
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reproducible if the operating parameters are carefully
selected (19). The H2/air flame gas flow ratio should be
1:10 to obtain a good flame but the individual flows can be
altered to obtain maximum sensitivity of the FID to the com-
pounds. Figure 2 is a plot of area under the drug peaks,
determined by disc integration, versus H2 flow rate. The
selection of flame gas flow rates of 20 and 200 ml min_l,
yielded the maximum sensitivity of the FID to both compounds.

The optimum carrier gas (N2) flow rate was determined
through use of the experimentally obtained Van Deemter plot
(18, 19). A GC column may be considered as a series of
“theoretical plates" which are of a thickness such that
equilibrium is reached between solution leaving the plate
and the average concentration of solute in the stationary
phase (OV-17) throughout the plate (18). The thickness of
the plate is referred to as the height equivalent of a

theoretical plate (HETP) and is obtained through equations

1-3,
N = 16 (-SOrE)2 Bq. 1
= N
N = f z Eg. 2
1 ,
HETP = — Eq. 3
N
where N is the number of theoretical plates, t is the

corr
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Figure 2. Area under drug (upper) and metabolite (lower) GC

peaks determined by disc integration versus H2

flow rate. Air flow was 10 X the H2 flow rate

and column temperature 175° C with N, flow at

z
20 ml min—l. The points were experimentally

determined and lines were hand drawn.
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time between the air peaka and the compound's peak apex, W
is the baseline width of the triangulated peak, tcorr and W
have the same units, N is N divided by column length in

feet, L. HETP is usually expressed in centimeters. A larger
N indicates greater column efficiency for the compounds on
the specific column. Reference 19 gives a rating scale for
judging column efficiency based on N values. Regardless
. of efficiency a column must be able to separate the compounds.
Resolution of two peaks is defined by equation 4

2D

- Eq. 4
W1 7 W2

R

where D is the distance between the two peak apexes and W1
and W2 are the base widths of the two triangulated peaks.

Generally, when two ideal peaks have an R = 1.5 they overlap
to the extent of about 0.3%. Table I indicates the resolu-
tion and efficiency of the column under the conditions of

use. The Van Deemter plot is shown in Figure 3 and is the

basis for the N, flow rate of 20 ml min~>

3. Standard Curves

During the GC development over 300 peaks were quan-

titated by peak height and peak area determinations. Areas

were calculated by triangulation, disc integration and
planimetry. It was found that peak height ratios of drug or

tabolite to phensuximide external standard were more

‘Under the experimental conditions the time of the air peak
was considered to be zero, the injection point.
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Table I

GC Column Efficiency Parameter Values

methsuximide 2-methyl-2-phenylsuccinimide
HETP (cm) 0.095 ‘ R0
¥ (£t™) 321 435
rR? 1.4 1.0
b _ A
Rating good good

;. %Resolution is with respect to the nearest peak,
phensuximide.

1)See reference 109.
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Figure 3. The Van Deemter plot; HETP (cm) vs N, flow rate

(ml1 min_l). Points were experimentally determined,
methsuximide (@) and metabolite (&), while lines

were hand drawn.
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reproducible than peak area ratios. Effor£$ were made to
obtain sharp narrow peaks so that peak heights would be a
reliable quantitative method. Area determination of thin
peaks leads to considerable error by any method other than
digital computation_since the thickness of the pen tracing
.becomes significant.

Figures 4.and 5 are the standard curves used to quanti-
tate unknowg plasma drug concentrations. Seven drug concen-
‘tfations ra#ging‘from 0.5-15 ug ml™t were used. Triplicate
runs were made uéing the same stock solutions so that three

data points were obtained at each concentration. This

éllowed'for a statistical analysis of the linear regression
model in terms of pure error and lack of fit variance contri-
Butions. Pure error is a component of the variance not
explained by ﬁhe regression’equatibn and includes errors of
replication, i.e., assay errors. Lack of fit is the
remaining variance not explained by the regression equation

- and can indicate lack of fit of the data to the proposed

- model. Both regression equation intercepts are not signifi-
cantly different from zero so that the peak height ratios
'a:e directly proportional to concehtrations. Table II gives
tthe analysis of variance (ANOVA) of t?e regressions. Nomen-
flature and calculation methods were obtained from Draper and
‘ fh (20). Although the "goodness of fit"a, R2, and corre-

lation coefficient, r, are excellent, Table II indicates that

‘ 2 2
Coefficient of determination, R2, is Zobs.z = zzdev. .
' obs.
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Figure 4.

Methsuximide standard curve, peak height ratio
(methsuximide:phensuximide) versus plasma concen-
tration (Ug ml_l). Regression line is y =

0.16 (+ 0.01)X + 0.00 (+ 0.08) where quantities
in parenthesis are the 95% confidence limits.

R2 = 0.9795 and r = 0.9995. Open circles indi-
cate one determination, half-filled circles and

filled circles indicate two and three equivalent

determinations, respectively.
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Figure 5.

2-Methyl-2-phenylsuccinimide standard curve, peak

height ratio (metabolite:phensuximide) versus

1

plasma concentration (ig ml ~). Regression line

is y = 0.11 (+ 0.004)X - 0.02 (+ 0.029) where
quantities in parenthesis are 95% confidence
limits. R2 = 0.9949 and r = 0.9985. Symbols are

as in Figure 4.



C (ug m171)

28



29

Table IT

ANOVA for Methsuximide Standard cCurve

Source df SSs ‘MS F ratio
Total 20 14.068
. Regression 1 13.780 13.780 1005. 8
 Residual 19 °  o.288 0.014 (P < 0.01)
Mlack of fit s 0.276 0.055 55
Pure error 14 0.012 0.001 (P < 0.01)

ANOVA for 2—Methy1-2-phenylsuccinimide Standard Curve

daf Ss MS F ratio
20 6.318
1 g.28s 6.285 3142
19 0.033 0.002 . (p < 0.01)
ck of fit 5 0.017 0.003 3 borderline

14 0.01e6 0.001 (P = 0.05)




30

the methsuximide linear model suffers from a significant

lack of fit. This problem was not investigated further as

the linear model was judged sufficient to meet the demands
of these experimenté. Caution was exercised in extrapola-
tions of the regression equation beyond 15 ug ml_l. in
cases whefe plasma levels exceeded 15 ug ml—1 the linear
model was checked by spiking blank plasma at the higher
concentrations. Deviations from the concentrations

predicted by the linear model did not exceed + 5%.

4. Representative GC Chart

Representative GC charts with CHCl3 and CS2 as sol-

vents are given in Figure 6. Retention times were methsuxi-
- mide 191 sec, phensuximide external standard 239 sec and

metabolite 281 sec with the Cs, system.

fB; Intravenous Drug and Metabolite Plasma Level-Time Data

-

Plasma levels of drug and metabolite after i.v. doses of
methsuximide are given in Tables III-V and graphically in
Figures 7-9. Plasma levels of metabolite after dosing this
Gompound are described in Tables VI and VII and Figures 10
and 11. The solid lines in the figures are best computer

éits as described in the text. .



Representative GC chart. Solvent peaks in I 3
II are CHC13 and CS, respectively. Peaks a,
and ¢ are methsuximide, phensuximide and 2-met

2-phenylsuccinimide, respectively.
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Table IIT

Drug and Metébolite Plasma ILevels after Intravenous

Methsuximide Administration to Dog A, Experiment A

33

t (hrs) cmethsuximide (hg ml_l) Cmetabolite (hg ml_l)
0.16 13.6 3:8
. 0.27 12.2 - 4.3
~ 0.50 - - %2 5.0
- 0.75 5.6 5.5
1.00 5.6 5.5
2,25 . 7.0
13.00 4.4 7.0
4.00 3.4 6.5
-.oo 1.6 | 6.5
8.00 e ) 5.5
0.00 : 0.9 5.0
| 0.7 4.5

&,determined.
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Table IV

Drug and Metabolite Plasma Levels after Intravenous

Methsuximide Administration to Dog B, Experiment B

limits of detection.

Rt (hrs) Chethsuximide (M9 ml_l) Costabalits W ml-l)
~ 0.08 12,6 e
0.17 9.1 s
: .25 6.9 178
© 0.50 5.7 3.3
RO, 75 4.0 4.5
1,00 3.0 4.9
| 1.6 6.1
0.8 6.2
0.5 5.9
---2 5.2
Bty 4.9
= 4.8
T 4.9
i | 4.7
e 3.9
e~ 3.7



Table V

Drug and Metabolite Plasma Levels after Intravenous

Methsuximide Administration to Dog B, Experiment C

25

I{t (hrs) ; cmethsuximide (g ml-l) Cmetabolite (g ml-l)
0.03 10.7 -
0.08 | 8.6 B
Bo.25 8.7 1.4

Bs0 5.3 2.0
1 0.75 4.7 2.9
1.00 3.9 2.6
' 2.5 . 3.4
‘1.8 | 95
15 4.4
0.9 4.5
0.6 4.2
0.4 4.5
-2 4.3
A 4.4
o 4.4
ey 2.4
i R
T 0.5

limits of detection.



Table VI

Metabolite Plasma Levels after Intravenous 2-Methyl-2-

pheny1succinimide Administration to Dog B, Experiment D

<

t (hrs) Cmeta'bolite (hg ml—l)
0.09 19.8
0.17 ’ 15.0
0.25 18.0
0.50 16.4
0.75 14.8
1.00 16.5
2.00 13.2
3.20 14.1
4.00 16.1
6.00 12.2
8. 00 12.6

10. 00 11.4
12.00 9.1
18.00 - 7.8
24.00 5.7
36.00 3.4

48.00 1.6 °©



Metabolite Plasma Levels after Intravenous 2-Methyl-2-

Tab

le VII

phenylsuccinimide Administration to Dog B, Experiment E

37

t (hrs)

0.08
0.17
0.25
0.50
1.00
2.00
3.80
6.00
8.00
11.00
13.00
18.00
24.00
36.0d
48.00

c

metabolite (“9 n

1

)

24.0
41.3
19.0
19.2
17. 9
475
17.9
17.4
14.5
11.7
12,2
10.4
$e5
4.3
1,9
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Figure 7.

Methsuximide and 2-methyl-2-phenylsuccinimide
plasma level vs time profiles after a 250 mg
intravenous injection of methsuximide,
experiment A. The methsuximide profile (@) was

drawn using the computer determined equation

C. = 16.7% 271t | ¢ 602 0t hite the metabolill

1
profile (A) was hand drawn.



—=1N
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Figure 8.

-

Methsuximide and 2-methyl-2-phenylsuccinimide
plasma level vs time profiles after a 250 mg
intravenous injection of methsuximide,
experiment B. Computer determined equations are

methsuximide (@)

IS e RO B Y
and metabolite (A4A)
C. = -1.0e~8-64t _ ; , -0.78t , ., _-0.047t

M
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Methsuximide and 2-methyl-2-phenylsuccinimide
plasma level vs time profiles after a 250 mg
‘intravenous injection of methsuximide,
experiment C. Computer determined equations are

" methsuximide (®)

c; = 6.2e_2'24t + 4.2e—0'40t
and metabolite (A4)
c 4 _1.4e—2.24t s 5.6e_0'40t + 7.06—0.0471:

"y
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Figure 10.

2-Methyl-2-phenylsuccinimide plasma level vs
time profile after a 250 mg injection of this
metabolite, experiment D. The equation

describing the profile is CMb . 17,28 9%
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Figure 11.

2-Methyl-2-phenylsuccinimide plasma level vs

time profile after a 250 mg injection of this

The equation
-0.047t

metabolite, experiment E.

describing the profile is CMb = 21.1e
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DISCUSSION

As; Methsuximide Pharmacokinetics

The methsuximide concentration vs time profiles are
given in Figures 12-14 on a semilogarithmic scale. The
figures indicate that the plasma level versus time profile
after intravenous methsuximide is biexponential and may be

analyzed in terms of the two compartment open pharmacokinetic

 ‘modél (20) depicted in Scheme I.

Scheme T

Two Compartment Open Model with Intravenous Injection

Tissue A
Compartment 2
Rl
k
Central A =C.V. £ o
Compartment o v s | =
D/Z/

Q%e model describes the instantaneous introduction of an
intravenous dose of drug D into a rapidly agcessible central
plasma compartment of apparent distribution volume V1 and
quilibration between the central compartment and a less
eadily accessible tissue compartment A,. The quantities Ay
1d A2 refer to amounts of unchanged drug in the central and

LSsue compartments respectively. The disposition first
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Figure 12.

Semilogarithmic plot of drug concentration-time
data of Table III showing biexponential decline
in methsuximide plasma level. Equations are

computer fits to Scheme I model using unweighted

data (- - -) and data weighted by 1/C ¢ ¥
The equations are C; = 15.4e~4-01t 4 ¢ 5,-0.18t
and ¢, = e bR T respectively.
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Figure 13.

Semilogarithmic plot of drug concentration-time
data of Table IV showing biexponential decline
in methsuximide plasma level. Equations are
computer fits to Scheme I model using unweighted
data (- - -) and data weighted by 1/C ¢ ;

The equations are C; = 12.1e~2-95t 7.7e-o’81t

-8.03t -0.71t

and C, = 11.7e + 6.8e respectively.

1




weighted data

— — — unweighted data

52
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" . A |

Figgrefi4. Semilogarithmic plot of drug concentration-time
data of Table V showing biexponential decline in
methsuximide plasma level. Equations are com-
puter fits to Scheme I model using unweighted

data (- - -) and data weighted by 1/C ( 1i

The equations are C; = 5. 3e-14:26t | 7.3~ 0-61t

FRABE o g Tt respectively.

and C1 = 4.9e
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oraer rate constants k1 and k_1 govern the transfer of drug
between the compartments while k2 is the first order rate
constant representing loss of drug from the central compart-
ment by all processes, i.e., excretion and metabolism.
Equation 5 describes the drug plasma concentration vs time

profile éppropriate to this model (21).
\ _

o 0k 4 k_y - 5)e"5t] Eq. 5

| D
'; i { V@ - B) [(@ ~ k_5

The composite rate constants q and B are defined by‘

Eq.

a _ 1 o4 5
B ._2[(k1 +k_1 +k2) 5 (k1 +k_l +k2) - 4k_ k2] 6

1

~Where B is the slope'of the post-distributive log-linear
- phase of loss of drug from the body, divided by 2.303, and o
_is the log—linear slope, divided by 2.303, obtained from

subtracting the extrapolated B line from the actual data

]een described in the pharmacokinetic literature as
‘feathering', 'curve stripping', or 'method of residuals®
(21). The rate constants ky, k_, and k, are determined

&

through equations 7-9 (21).

AB + Ba
B - 3 s 5207
k2 - ﬁﬂl Eq. 8
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-k

k1 =a+ B - k_1 5 Eq. 9

where A and B are the intercepts on the concentration axis
of the a and B extrapolated lines, respectively. The

apparent volume of distribution vy is determined with

intravenous data by,

Vy = s Eq. 10

The biological half-1ife t1/2 is determined by equation 11

while T/P, the ratio of amount of drug in the tissue compart-

ment to that in the central compartment at equilibrium, is

determined by equation 12 (21).

0.693
k,
T/P = ——k_l =5 Bg. 12

Subsequent to graphical analysis, improved estimates of
all parameters together with confidence limité, correlation
coefficients and coefficients of determination were obtained
using the iterative nonlinear regression program NREG® on a
digital computerb. Input into the computer tonsisted of

graphical estimates of parameters together with the relevant

ﬁith user supplied subroutine - see Appendix A for a
typical NREG output.

Univac 1110 digital computer, Madison Academic Computing
Center, the University of Wisconsin, Madison.
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equations contained in the user supplied subroutine. mTable
VIII gives the pharmacokinetic pérameters deécribing the
methsuximide kinetics after intravenous administration based
on the computer estimates. The dashed lines in Figures 12-
14 are based on these values. Computer fits of the terminal
data were poor and this is especially evident in experiment C.
Since NREG is a least squares fitting routine a small rela-
tive error in the higher concentration range will contribute
more to the sums of squares than an equivalent error in the
lower concentration range. 1In order to make all data points

. contribute equally to the sums of squares, concentrations

were individually weighted by the factor 1/C. The computer

estimated parameters with weighted data are given in Table

IX while the computer fits are the solid lines in Figures

12-14. The fits resulting from the weighted data were judged

' better than those from the unweighted data on the basis of
the overall statistical computer outputs (sums of squares,
. correlation matrix, confidence limits on linear hypothesis,

exploration, graph of residuals, R2, r, etc. - see Appendix

A). Table IX indicates that the distribution characteristics
of methsuximide, kl' k-l' a, V1 and T/P, differed between

the two dogs although they were similar orders of magnitude.
There was more rapid equilibration of drug between the two
Compartments in Dog B (a, kl' k—l) while Dog A had a greater
mount of drug in the tissue compartment at equilibrium than
09 B (T/P). The elimination characteristics, k2' B and

1/2 also differed between the two dogs. Dog A eliminated
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and/or metabolized methsuximide more slowly. Differences

were observed in parameters from experiments B and C in the

same dog. This was not unexpected since the time period

. between experiments exceeded two months. For this reason
;

each experiment was considered separately.

The rate constant k

5 reflects excretion of unchanged

methsuximide by any route and biotransformation to any

. metabolite. Since the 2—methyl—2-phenylsuccinimide was

specifically quantitated in all methsuximide experiments it

was possible to separate k2 into components representing

1) formation of 2—methyl-2—phenylsuccinimide and 2) elimina-

tion of unchanged methsuximide and formation of any other

metabolites. A pPrevious report (11) indicated that no

2 Primarily reflects biotransformation of methsuximide.

Elimination by routes other than into urine (saliva, bile,

etc.) is also possible. Before the 2-methyl—2—phenylsuc-

cinimide data could be incorporated into Scheme I its

- This was accomplished by

—methyl—2—phenylsuccinimide.

2-Methyl—2—phenylsuccinimide (Metabolite) Pharmacokinetics

.

Figures 15 and 16 are semilogarithmic plots of data sets

'and E (Tables VI-VII) obtained‘from intravenous metabolite

Xperiments in Dog B on two Separate occasions. Multiple

00d samples during the first hour were necessary to
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Figure 15.

Semilogarithmic plot of metabolite concentration-
time data of Table VI showing monoexponential
decline in metabolite plasma level in dog B

after dosing this compound. The linear regres-
sion equation including the 95% confidence

limits on the slope and intercept is log C =

-0.0205 (+ 0.0015)t + 1.2326(+ 0.0261).
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Figure 16.

Semilogarithmic plot of metabolite concentration-
time data of Table VII showing monoexponential
decline in metabolite plasma level in dog B

after dosing this compound. The linear regres-
sion equation including the 95% confidence

limits on the slope and intercept is log C =

~0.0203 (+ 0.0017)t + 1.3245(+ 0.0314).
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ascertain whether the metabolite obeyed one-

+ tWwo-, or multi-
Compartment model kinetics,

There was insufficient initial

curwilinearity in the data to justify more than the one com-

partment open model as depicted in Scheme 11 (21).

Scheme TT
2Leme IT

3 and excreted a

nd/or metabo-
lized by a first order Process- k

3+ The plasma leve] Vs time

k.t
Cmb=vD;e 3 Bg. 13
k3
log c = log V; -~ 3303t Eg. 14

4
€ concentration axis intercept gives D/V3 while the slope
is —k3/2.303. The parameter values obtained from the linear
j%gressionsa, included in Figures 15-16, are summarized in

Ompucorp 344 Statis

tician Micro
Corp., Los Angeles,

-Computer,
California.
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Table X and regression ANOVA data are summarized in Table XTI.

As was expected, the biological half-1life, equation 15,

was long

1/2 = % Eq. x5

‘and was identical in the two experiments. The apparent

I
distribution volumes were similar.

Since the appropriate pharmacokinetic models were thus

analyzed as described below.

Methsuximide Pharmacokinetics Including Formation of the

Metabolite, 2—Methyl-2-phenylsuccinimide

1. Development of the Model

16 metabolite 2—methyl-2-phenylsuccinimide, where D is the

mount of methsuximide intravenously administered, k1 and

are as previously defined, k2 is the first order rate

nstant describing excretion and metabolism, othe; than to

fhthyl—2-phenylsuccinimide, kf is the first order rate

nstant describing formation of the metabolite and k3 is
first order rate constant representing excretion and/or

er metabolism of 2—methyl-2-phenylsuccinimide.

The differential equations 16-18 describe the rate of
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Table X

2—Methyl—2—phenylsuccinimide Pharmacokinetic Parameters

) mm e ey e

Experiment D 17.08 14.63 0.047 l4.68

Experiment E 24.21 11.84 0.047 14.68

Table XTI

ANOVA for Metabolite Linear Regressions

Experiment D

Source SS af MS
regression 1.2993 1 1.2993
residual 0.0244 15 0.0016
total 33237 16

Experiment E

Source SS af MS
regression 1.2123 1 .21
residual 0.0247 13 0.0019

total 1.2368 14
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Scheme III

Model for a Drug Which Obeys Two Compartment Kinetics

With a Metabolite Obeying One Compartment Kinetics

A,
Kaf 0k .
D AWML - &0 ——9]{3
T B A =0V By = m "3
x

change of drug amounts in the various compartments as a

function of time.

dAl

& = kB - (k) + ke 4 ky)Ay Eq. 16
dA2 ’

TE- &= klAl - k_1A2 Eq. 17
Fe = Kehy - kM : -

The differential equations were integrated using Laplace
'Eransformations and matrix algebra, as described in Appendix

‘B, to yield equations 19-21.
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o G Taf%_gj'{(k_l - pye Pt k_; - a)e_at}- Eq. 19
Dk
A2 = m(e—ﬁt —CY,t) Eg. 20
k -
189 ] -at
"n =905 s [(k —a)(s-a)] + Eq. 21

k., -8 3 k., -k ~k,t
e R

In these equations amounts can be converted to concentrations
by dividing by the appropriate distribution volumes. The
amount of drug in the tissue compartment at any time (equa-
tion 20) can only be calculated in this study since drug
concentrations were determined only from the central compart-
ment. Since the D in equation 21 is the dose of methsuximide

then the factor 189/203, which is the ratio of molecular

- weights of metabolite:methsuximide, was necessary to convert
Hg of methsuximide to Lg of metabolite. ‘The composite rate
constants o and B are defined by equation 22 which is
ahalogous to equation 6.

a 1 t
-=§{(k1“ka“Lszrk-l)i

iz e }
(kl % kf & k2 -+ k_l) 4 (k 1k + Kk k 1)

Equatibn 19 is identical to equation 5 with the k2 of Scheme

I explicitly separated into k2 + kf in Scheme III. The
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equation describing the concentration of metabolite in the

body, equation 21, is triexponential indicating its depen-

dence on the methsuximide biexponential process, equation 5,

and its own Tmonoexponential process, equation 13

The stripping of triexponential curves is known to be

an inaccurate procedure (22). 1In the case of the metabolite

plasma levels vs time profiles, experiments A, B and C, how-

ever, initial estimates of Some parameter values were pro-

- vided by the final computer estimates from the methsuximide

analysis, Table IX. Initial estimates of the rate constants

'a, B and k_l were obtained in this fashion. There are two

‘ways to obtain estimates of k3. Pirst, k3 can be estimated

from the independent metabolite experiments or second, from
the log-

linear portion of equation 21. Since, in equation

3 there existed a time such that e-OLt and e_ﬁt

Were insignificant relative to e 3 so that after this time

equation 21 became log-linear with slope equal to -k3/2.303.

area C fmc dat Bg.- 23

?ulting in equation 24 (20).
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—zag Eg. 24

The area under the metabolite curve was similarly given by

eéquations 25 and 26 (sece Appendix C).

j%n
area Cmb Gl Q. dt

Eg. 25
b

_ 189%.k_,D o
" 203V k0B i

80 that

area C
3 203V3k3

43 189Vl *“area C

By, 27
3

These areas are from tO to tCD so that the area under the

curve from the time of the final data point Cf to infinity
“had to be calculated. If the C

f's are at long enough times,
t

g+ such that equations 19 or 21 have become essentially

monoexponential, then the concentrations after time t

g are
given by: :

e
o ;




12

1 L 1]
where Cf and Cf represent the terminal data points for
unchanged drug and metabolite, respectively. 1Integration
from t_. to t then yields:
@

]
Ce
terminal methsuximide areas = 7;

C“ Eg. 29
Terminal metabolite areas = iﬁ

3

The areas from time zero to ty were determined by the trape-

zoidal rule. The remaining parameter k2 was estimated

using equation 30

af - k -k
-1"f
k2 = k-l Eq. 30

which is obtained from the product of o and B (equation 22).
The methsuximide and metabolite data, experiments A, B
and C, were simultaneously fitted, using the program NREG,

to equations 19 and 21. 1Initial estimates of parameters are

given'in Table XIT.

2. NREG Computer Results

When all seven parameter values (Tab{e XII) were
allowed to float in the program wide confidence intervals
were obtained for k2, kf and D/V3. High correlations (r >
0.80) existed between these parameters. Since the indepen-
dent metabolite experiments (Table XI) and curve étripping

bf metabolite data from experiments B and C yielded nearly
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identical values of k3, and since the value of D/V3 was
accurately determined from experiments D and E these para-
meters were fixed during the computer analysis. This proce-
dure significantly reduced the 95% confidence intervals
while causing only slight changes in the values of the
remaining parameters.

The computer was unable to satisfactorily fit the
metabolite data from data set A regardless of whether para-
meters were fixed or not. The primary reason for this
failure was that this experiment was terminated at 12 hours.
The values of o, B and k3 were such that equation 21 never
became monoexponential. The rate constant k3 could not
}‘therefore be computer determined and kf, calculated with
equation 27, was in error because equation 29 was not
applicable. Another reason for this failure is that the
initial estimate of D/V3 was based on experiments in Dog B
whereas data set A was from Dog A. Since the Table IX para-
meters show variability between data sets the assumption
that V3 was the same in both dogs was tenuous.

The final computer estimates of experiment B and C
parameters are listed in Table XIII with relevant statistics
and derived pharmacokinetic parameters. The solid lines in
Figures 7-9 are the computer fits to the plasma level Vs
time equations as specified with the exception of the Figure
7 metabolite profile which is hand drawn. All data was

weighted by the factor 17C.

It is noteworthy that the incorporation of the
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metabolite equation in the computer program did not signifi-
éantly alter the methsuximide parameters (cf. Table IX). Of
particular interest is the relative importance of the rate
of biotransformation of methsuximide to the pharmacologically
iactive»and potentially toxic 2-methyl—2—phenylsuccinimide,
kf, compared to the overall elimination and metabolism rate
qonstants, kf + k2. This metabolic step accounted for 43
and 36% of the overall elimination of methsuximide in the
two experiments. The large value of kf together with the
small k3 (long half-life) leads to a metabolite plasma level
profile after a single intravenous dose of methsuximide
which mirrors a prolonged sustained release type profile.
Figures 7-9 indicate that the metabolite appeared in the
dog's plasma in less than five minutes after intravenous
methsuximide dosing. Since methsuximide is orally adminis-
tered on a daily basis to petit mal patients there may be
significant accumulation of the metabolite in the body with
multiple dosing regimens.

Methsuximide administration results in induction of
- hepatic drug metabolizing enzymes (5, 6). It has been
- Observed in patients on chronic methsuximide therapy that
this 'auto-induction! process is so marked that 2-methyl—2—
phenylsuccinimide is the only drug related compound detected
in blood after repeated oral methsuximide administration,
even shortly after dosing (23). The possibility exists that
the metabolite may be partially or totally responsible for

the enzyme induction. If this were the case, then both rate
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constants, kf and k3, may increase after Tepeated exposure
to methsuximide. 1f k3 were to increase then accumulation
of metabolite in the body would be reduced. The above prob-
lem could be elucidated pharmacokinetically through multiple
dosing experiments with methsuximide and 2—methyl-2-phenyl—
succinimide. However, since several other metabolites have
been found in dog plasma (11) a complete pharmacokinetic
analysis would require administration of each metabolite
individually. This is the approach for which further

exXperiments should be designed.
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APPENDIX B

Derivation of Equations Describing Drug Blood Level vs

Time Profiles Appropriate to Scheme TIIT
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The differential equations describing the amounts of
drug in the central and tissue compartments and amount of
metabolite in its central compartment as a function of time,

appropriate to Scheme III, are:

A,
—a-E— = k_1A2 - (kl o+ kf o kZ)Al Eq. Bl
dA2
- klAl - k—lAZ Eq. B2
o
-~ ™ kf ; W k3Mb Eg. B3

 The application of the Laplace transform to linear differen-

tial equations is useful since it converts them into linear
algebraic equations. The Laplace transform of a time func-

tion f£(t) is F(s) as defined by equation B4,

a
F(s) = j; e'Stf(t)dt Eq. B4

where s is a real number such that the integral converges

for some finite value of s and all greater values. The

Laplace transforms of functions common to pharmacokinetics
do not have to be calculated with equation B4 each time but

- can be found in Laplace transform tables (21).

The Laplace transforms of equations B1-B3 are

(s + ky + ke + k,)A; + (-k_;)a, =D Eqg. B5
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(—kl)Xi + (s + k_l)X2 =0 Eg. B6

(—kf)A1 + (s + k3)Mb =0 Eq. B7
where the bar represents the Laplace transform of that
quantity and D is the dose of methsuximide.

This set of linear algebraic equations (B5-B7) can be

solved for Eﬁ, X2 and ﬁ£ by matrix algebra utilizing Cramer's

rule. Hence, the matrix of coefficients is

(s + k1 + kf + k2) ---k__1 0
A = —k1 (s + k-l) 0 Eg. B8
_kf 0 (s + k3)

which upon expansion becomes

A = (s+k3){s2+ (ky + ke + Xk, + k_;)s +
k—lkf ks kzk—l} : Eg. B9
If a and B are defined as
°‘=l{(k + K.+ k, +k.) % ; Eg. B10
g ™32 1 £ 2 -1’ =
2

. : }
Oy + ke + k, + k_;) 4(k_rke + kyk_;)

then equation B9 reduces to B11.
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A = (s+k3)(s+0L)(s+B) Eqg. Bll

The Ki matrix is given by equation B12

D ~k_, 0
AAy = |0 (s + k_;) 0 Eq. B12
0 0 (s + k3)

which upon expansion becomes

AR} =D(s + k_;) (s + k;) Eq. B13

The value of the Laplace transformed Al is then

L - bR
5 Ds + Dk_, |

The anti-Laplace of equation B15, found in Tables (21). is

% (Dk_; - pp)e Pt

B - a

(Dk_1 - Dg)e @

£

which rearranges to equation B17, the desired equation,
which describes the amount of methsuximide in the central

compartment as a function of time, i.e. text equation 109.

D -Bt -at
Al =m{(k_l - B)e e (k-l - a)e } BEg. Bl7



Utilizing a similar development (equations B18-B20)
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yields equation B2l which describes the amount of methsuxi-

mide in the tissue compartment as a function of time, i.e.

text équation 20

(s+kl+kf+k2)
AXz = |-k
_kf
AXé = Dkl(s + k3)
5 AXZ Dk,
2 A (s + a) (s + B)
Dk

2 = (a - B)

1 (e—Bt

(s + k3)

Eq.

Eq.

Eq.

Eq.

B18

Bl9

B20

B21

Similarly, the development (equations B22-B24) for 2-

methyl-2-phenylsuccinimide results in equation B25, i.e.

text equation 21

(s +'k1

+ k

f

+ kz)

Eq.

Eq.

B22

B23
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i AM, Dkg(s + k_,)
e R BCEES IR IR Eq. B24
: a -k
: -1 -ot
Mb = Dkf{[ (k3 - DI B)]e <t Egq. B25

B -k, Bt ky = k_y kst
el + [tgwd=ale )
It is to be noted that the units of D, the dose of methsuxi-
mide, should be in Umoles since biotransformation of methsuxi-
mide to 2-methyl-2-phenylsuccinimide is on a mole for mole
basis not pg for pg. However, in these experiments concen-
trations were measured as ug ml—l, dose was in mg and distri-
bution volumes were in liters. Therefore, the dose in mg

was prefixed by the ratio of molecular weights of metabolite
to methsuximide (189/203) so that CMb units of ug ml_l could
be used. When the computer uses equation B26 to calculate

CMb with D in mg and V in 1 the unit will be g m17L,

189Dk

£1[ e | -at
C, = ToT, {LCk3 s B)]e + Eq. B26

B -k_ i k, - k_ k.t
[l ™ + et ™)
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APPENDIX C

Area Under the Metabolite Curve After

Intravenous Methsuximide Dosing
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Equation Cl gives the concentration of the metabolite
in the body after an intravenous methsuximide dose as a

function of time.

Dk o -k
189 “°f = —-at
M, = 203 Vs, {[(k3 - a) (a - 5)] %

B -k %y “k,t
[ %, e T i i3)(k31- 7 }

C Eq. Cl

The area under this curve is given by equation C2 which

becomes equation C3 after integration.

189k D (@ -k )
-1 -at
Area CMb - 203V {j. o e R at +
J; poEE o ot
@® k. ~%k .} -k.t
3 -1 3
e dt Efg. C2
189k D (4 @ - %_;)
Area CMb = 203V { (k s & 5) Eg. C3
. e 1 (kg = Xk 52
Bl@-B (B -%) ' k; B - k) (x5 - @)

When the quantities within the bracket in equation C3 are
put over the common denominator and simplified equation C4

results (text equation 26),
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P
Area C L

= Eq. C4
Mb 203 V3 k3aB

where D is the dose of methsuximide in mg, V3 is the distri-

bution volume of the metabolite in 1 and all rate constants

have units of hour_l. The units of area CMb is then

ug hr m1~L,
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