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ABSTRACT

\

The - k1net1cs of the absorpt1on distr1but1on and e]fminat1on of

o ethosux1m1de methsux1m1de and phensux1mtde have been exam1ned in ma1e

ttf”v1ou51y pub11shed data

,'w1star rats fo]?oW1nq 1ntravenous or ora1 adm1n1stration of gach drud ;%'f
.Ethosux1m1de methsuximide and phensuximtde were determ1ned gy gas 11qgid

. ! ’o“
chromotoarapby 1n b]ood, ur1ne or t1ssue homoqenates usinq a mod1f1cat1on
of a pub11shed techn1que wh1ch gave better sen51t1vity and reproducib1]1ty

Var1ous pharmacok1n tic parameters were determlned from a study of’ the

>‘ b]ood 1eve1 vs t1me'prof1]es and the ur1nary excret1on rates of the

‘ drugs The pharmacok1net1c rate constants,vand other derived parameters,
'were obtalned from b]ood 1evel or ur1nary excret1on data by usinq a
.d1q1ta1 computer proqram,}”NONLIN", to fit a number of pharmacokinet1c
:Tmodels using an 1terat1ve, "1ea$t/square" f1tt1ng procedure. "'1'1;? d
The relat1onsh1p between the dose adm1n1stered 1ntravenous1y and
the k1net1c parameters of ethosux1m1de waslexamined fol]ow1ng 1ntravenous B
adm1n1strat10n of the druq. The kinet1cs of ethosux1mide followinq e
“mu1t1p1e ora] dosino were also exam1ned and some of the 1nformation
'a'ﬂtobtatned has been used to predlct b]ood concentrations 1ﬁ man from pre-_:;pffi

.'\\'f.

The ur1nary excret1on of ethosux1m1de has been examuned 1n ma]e o .
I>

' *w1star rats pretreated W1th ammon1um ch]orwde sod1um bicarbonate and

) f fproben1c1d None of these pretreatments was found to a]ter the amount

‘:'.:of an adm1n1stered dose excreted unchanged 1n the ur1ne when compared

R, B

' ””w1th the amounts found in. the ur1ne of an1mals not pretreated *‘Thts B \; i

o suoqests that s1nce the drug was found to be neq11qib1y bound to plasma SRR

r'f%eprote1ns,‘the 1onq ha1f 11fe observed for ethosuximide 1n rats, in. com—_;fl-"

.p‘ YR



“parison with meth%uxtmide or phenSux%gsde, is due to the s]ow rate of

fﬂnqus s [ P

B T L SR I | SO

metabo11sm of the druq and extens1veg\ 551ve tubu]ar reabsorption

A AW ‘
. The 1nf1uence of some pharmaceutica1 adiuvants and antac1ds on the
‘system1c ava11ab111ty of ethosuximfde fo]]oW1ng ora] admlnistration to
+~ rats has been stud1ed ZarontmR syrup arontinR eapsu1es and etho-~

. suximide, 1n aqueous solut1ona were all equa1]y ava11ab1e Most of the

adauvants examfhed 1ncreased the t1me taken to ach#eve peak plasma

levels suqqest1nq a reduced rate of absorpt1on Sma11 reduct1ons in
/

ava11ab111ty were a]so ngted So]uble ca1c1um sa]ts and antacids con-+"

‘_ta1n1ng e1ther ca1c1um or maqnesium siqn1f1cant1y reduced the ava11ab111ty-l

of ethosux1m1de S T - j‘ §t'j- "

The s1qn1f1cance of these studies, 1n terms of the desiqn of

' dosaqe forms and the c11n1ca1 1mp11cat1ongeof the var1ous dOSaqe req1mens

CAS

4

‘for ethosux1m1de have been d1scussed in the ]1cht of the pharmacok1net1c i{ffv»
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.bg
Pharmacok1net1cs has been - defined as 'the’ mathematicaT descr1pt1on
of drug quant1ty and activity changes. withln the body' (Portmann, 1970) |
Thus pharmacok1net1cs is rea]]y an attempt to descr1be the processes of
.absorpt1on, d1str1but1on and clearance undergone by a drug 1n the body,t-
1n mathemat1ca1 tennsr‘ When this has been accomp11shed for a part1cu1ar S

druq, it shou1d then be poss1b]e to forecast what w111 happen to

"_’part1cu1ar druq 1n an an1ma] spec1es, and to predict the amount 0 drug ,'“'74"

R .hwh1ch may. be found in body f1u1ds or: t1s§ﬁes at any g1ven t1me.~ hus, af'

_know]edge of the phannacokinet1c parameters of a drug has obvious 1mpor- f. o

i tance 1n the use of that Qrug to' treat d1sease, and 1s espec1a11y usefu]}fh

Cin dev1s1ng dosage schedu]es to attatn “and ma1nta1n therapeut1c con- *

R

'centrat1ons of the drug in the body In add1tion to th1s pharmadu— ,_,i ‘thf{,;

‘1k1net1cs can: be used to av01d 1naffect1ve therapy, due to the drug

.be1nq present 1n 1neffect1ve concentrat1ons or to avo1d tox1c1ty, due .
3‘ to the accumu1at1on of the drug in the body l}‘ y_ | o _‘ B
R “ A1though pharmacok1net1cs has only recently been 1ntroduced 1nto »
‘; the curr1cu1um of most schoo]s of pharmacy, 1t xs not a“new branch of

: .isc1ence In the ]920 s W}dmark (1919) and w1dmark and Tandberq (1924)

‘},}‘app11ed the pr1nc1p1es of k1netic anaTysis to drug e11m1nat10n agd to

o o the changes 1n drug 1eve]s wh1ch take place dur1ng mu1t1p1e dos1ng.f~ r”*”’;ﬁ‘

:‘7f0ther p1oneers in th1s f1e1d were Gehlen (1933) Dom1nguez (1935) and

;'theccar1 (1938) S1nce 1950 pharmacok1net1cs has expanded rapidly and
~rd1s currently one of the most 1mportant branches of pharmaceut1cs ’
Most pharmacok1net1c stud1es use models which are based on the

:fsiphys1o]oqtca1 concepts of absorpt1on d1str1butwon and c1earance

"*“liDesp1te the fact that these procésses may be very comp]ex and composed ';vfftftaft

 O”Qti;Of a. 1arqe number‘of 1nd1v1dua1 processes, most of the overa]l processes

Lo e
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~ can be described'by'stmp1e‘first order kinéttcs This resu]ts 1n "

.-

re]at1ve1y s1mp1e mathemat1ca1 descr1pt1ons of the kinet1c processes |

' _1nvo]ved and makes poss1b]e the use of greatly s1mp1if1ed mathematical_

.:models to describesthe pharmacok1net1cs of the drug in the body ‘The

},tuse of mode]s in pharmacok1net1cs has been we11 rev1eWed by—Teore]] o

f(1937a b) Dost (1953) and Ne]son (1961a) In pharmacok1netics, the
fmode]s usua11y cons1st of a ser1es of compartments A compartment may '

.be def1ned as.a k1net1ca11y d1st1nqu1shab]e poo] in terms of the drug

. “~

concentrat1on t1me prof11e The druq d1str1butes between these var1ous,n_ ;“tk

';compartments ' C]earance that s the metabo]ism and excret1on of the

; drug, may take p]ace from one or more of these compartments It 1s

o

',hd1ff1cu1t to’ def1ne in materlal terms what const1tutes a compartment' :

P b

_ 1n pharmacokmetms It ma_y be cons‘idered tO be a group Of d'ifferent s

b

t1ssues wh1ch have certa1n character1st1cs 1n common, such as h1gh or R

fnlow b]ood f]ow rdtes or the solvent character1st1cs of the tissue

-:'CEger (1963) d1v1ded the t1ssues of the body UP 1“t° groups US’"Q these .
cr1ter1a H1s flrst qroup conta1ned t1ssues whlch were profuse1y SUP*,,ﬁzf S

"ﬁﬁplled w1th b]ood vessels and 1nc1uded the heart bra1n, spana] cord

B

_~;_hepato porta1 system k1dney and endocrine g]ands Th1s group accounted_”b_x.

IR for approx1mate1y 9% of the body we1ght A second group, the musc]e ff}f S

hﬂgroup, was made up. of sk1n and musc1e and fonned about 50% of/the tota]

o 'fbody we1ght Ad1po$e t1ssue and bone marrow formed a th1rd group, the };«‘d

: .:;itfat qroup compr151ngbabout 19% of the tota] body we1ght The Tast

¢ SR
-,,.group, the vesse]—poor group, conta1ned bone 11qaments, cartilaqe, j B ,”_‘: -

"-;{:fbtendons, teeth and ha1r and made up about 22% of the tota1 body W610ht

't“zdt}n determ1n1ng ‘the ava11ab1l1ty of a drug to a specific tissue Hv>f’f};ef_5“;’

- ,;Prxce (1963) conswdered b]ood f]ow rates to be the most 1mportant factor.igfj,7!

":;hc1ted h1s stud1es w1th th1openta1 (Pr1ce, ]960) 1n suppdrt of his



a Tesser extent the k1dheys and the gastro1ntest1na1 tract Fat and

| “. poorTy perfused t1ssues made up the tlssue or per1phera1 compartment

. v

suggestibns _However, the relat1onsh1p between drug uptake and tfssue

bTood Flow 1s often not exact because the part1t1on coeff1c1ent between o

' pTasma and d1fferent body t1ssues var1es The part1t1on coefficient is"tf

determ1ned by many factors, 1nc1ud1ng the 11p1d soJub111ty of the drug,,

f 1ts degree of 1on1zat1on, 1ts moTecuTar s1ze and presence or absence of'_.'
b1nd1ng to pTasma prote1ns However, the fact that approximateTy 70% of
the %Erd1ac output supp11es about 7% of the totaT body t1ssugihsmphas1aes

the 1mportance of bTood fTow rates in determ1n1ng the dfvis1on of the '

body tissues 1nto compartments ReigeTman Loo and Row]and (1968),5 con-f‘
| in deta1T Tater), suggested that the centraT compartment consisted of

the bTood thhTy perfused tissues, such as the bra1n and some extra-_;r'

vascuTar fTu1ds The vaer aTso contr1buted to th1s compartment and to o

| It is apparent from the above rev1ew that Tt 1s the phys1cochem7cal

propert1es of the drug wh1ch w111 detenm1ne the t1ssues wh1ch form the

varT65¥>compartments and that this w111 be 1nfTuenced by the bTood fTow ib?‘?]f

to the var1ous t1ssues Whatever th/ﬂ\hmpos1t1on of these compartments

| ;;:' or k1net1ca11y dist1nguvshab1e pooTs, 1n a mode] they are connected by

trrevers1b1e or revers1bTe pathways wh1ch repreifnt the movement of drugf;f?}fi

1nto between and out of the var1ous compartme

in the body 1s fraught w1tﬁ d1ff1cu1t1es and p1tfaTTs BerTin et aT |
(1968) and BermaQ\(]969 have out11ned the essentia] steps WhTCh must beféb*:*‘

Usua11y the s1mp1est p0551b1e modeT is used f1rst It is f1tted to the fl,j”ﬁjv;c

The use of compartmentaT mode]s to expTain the bEhav1our~of 2 drug bfff[ii

e

| ”f' foTTowed 1n the construct1on and appTication of compartmenta] models. “ff':”vﬁ

"s1der1ng the concept of a two compartment modeT (th1s wiTT be dTSCUSSEd fj;f]ﬁf‘

; data often us1ng an 1teratfve process and the sums of the Squares of ,g,,._p,v




the. deviations of the erperimentai points from the Caicuiated'pointS'

| are used to assess how ciose]y the experimentai data approximates to the
- fca]cuiated data p01nts Other more compiex modeis are then fitted to
the data, untii there is no statisticai]y Siqnificant reduction 1n the o

variance of the experimentai data from the caicuiated data A deqree :

of . emp1r1c15m or pragmatism 1s sometimes necessary to avoid unnecessari]y',’lr

compiicated modeis and to ensure that a good fit is obtained with physio—":
. iogicaiiy meaningful parameters \The mode1 is then tested experimentaiiycf
 in as. many 51tuat10ns as p0531b1e ‘If it stiii prov1des a bood expiana- .
‘tion of the. data obtained, it is acceptabie. but in many instances fhe |
"bnew 1nformation obtained resuits 1n rev151on of the proposed modei to ¥

?accomodate the new data Generaiiy speaking, each rev1sion wi]] makea-§~'

. the modei more accurate in- predicting other data

..«3
Gy

- Severai different modeis may be used for a particuiar set of data

o

iOften the governing reason for seiecting a particuiar modei 1s the

- 1nfonnation 1t 1s hoped to predict This aspect has been discussed by

S Berman (1969) Each mode] is 1im1ted by the fact that 1t is oniy possi-i‘ffizszf’

. e bie practicaiiy, to sampie a sma]i number of compartments This, o A{z‘,,._e.

"'ﬂifcoupied with the fact that compartments are difficuit to define even foriyhf)'dﬁ".°

‘:;a particuiar drug, limits the uniqueness of any model system If‘one

3., Efcon51ders that one usuaiiy oniy samp]es one compartment such;§s pias;naA ::’

:L_then 1t Sbv1ousiy requires conSiderabie 1ntu1tion or 1maqinat#on to v? q?“f="
& 2 ’ .

.'s.f,appiyvgfthree or four compartmentai modei to the kinetics of a drugl

e -

f}iiThus, it has to be recognized that each model represents a gross overm?t s L
:"51f~Simp11f1cation of the rea] system and that each pharmacokinetic parameterf;j7nid'":

";“itis 1n reaiity the sum or the combination of a Targe number of dlfferent 5]55jg;1ﬂ'

\

: :*ffrate processes Because of this each rate constant determined for a

e*'[ffqiven modei oniy has vaiue An the context of that particular mode] and



. cannot be app11ed un1versa11y W1th this preamb]e it-is now poss1b1e
‘1to qo on\to consider some of the .various pharmacoklnetic mode]s which
| have been shown to: have ut1]1ty | | | v |
| The concepts of pﬁ/rmacoktnet1cs and compartmenta] ana]ysis have
been systemat1ca11y presented in a- number;of pub]icat1ons (G1ba1d1 1971
‘_Notar1, 1971* So]omon, 1960 Swarbr1ck 1970 Swarbr1ck ]973 Nagner, i
C97ta). 4 | | _ [
The s1mp1est pharmacok1net1c approach considers the an1ma1 or rf,°
-'orqan1sm to cons1st of one compartment Th1s 1s shown schematica]ly in
F1gure 1a._ Accord1ng to thlS scheme the body is. considered to be a

_ s1ng]e unit separated froM’the env1ronment by a membrane which 1s

Permeable to drugs If a drug 1s g1ven 1ntravenous1y, 1t is assumed that': ’f;

. - the drug is 1nstantaneous]y and homogenously distr1buted throughout

B thws s1ng]e compartment It 1s a]so assumed that the drug 1s e11m1nated f»

- :tbor compartment can then be descr1bed by Equat1on (1)

ffrom this compartment by a process of metabo]1sm and excretion which canv’ o

' tbe descr1bed by f1rst order kanet1cs The amount of druq 1n the body

A'l.“"‘ c

"l‘}'where '(:‘l 1s the concentrat1on of the drug 1n the single compartment at-f,.fdl 3

"'t1me t' 'D"1s the dose adm1n1stered and 'V"1s the apparent volune
;of d1str1but1on wh1ch may be def1ned’as the volume of body fluid 1n
h h1ch the drug appears to be disso]ved assum1ng a un1form distribu~ ’

;L_ft1on, and K 1s the rate constant for the e11minat1on of the drug by

’“-letboth metabo11sm and excret1on ‘]7;'f:'5';“/ 1]ilifd;f{
| "Q}LTA term whlch has s1gn1f1cance is ‘f;jgifiiufj”"
9— = v'C‘. .............. (2);



oo

F1gure 1a « A scheme show1nq a one compartment pharmacok1ﬁetic
mode1 for a drug fo11ow1ng 1ntraVenous adm1n1strat1on '

F1gure 1b A schene show1nq 2 one’ ("tWO")_compartment pharmaco- :;§;.a.,

kwnet1c mode] for a drug fo11ow1ng ora] adm1nis_rat10n. L,

€



o , A
This. wi]] give 'C [ the f1ct1ona1 1nitia1 concentration of the drug

in the compartment P
‘ , Aiso - : _ . . -
”l:.l K + ﬁ"] « .o . . .'; * e s e (3) e

where ‘K ' is the rate constant for the ur1nary excretion of the unchanged ;

| drug and Km- is the rate constant for the removal of the drug by

metabo11sm

F

B2

A single compartment mode] of thws type has been described, depth
by Teore]] (1937b) and it was us;d by W1dmark¥(19]9) and Nidmark and
"Tandberg (1924) to exam1ne the b]ood concentrat1on - t1me prof(]e of some
narcot1c substances The modeT gives severa] 1nterest1ng pesu]ts ‘Eor
.vexample when. the drug 1s extghs1ve1y bound to p1asma proteins or red ;'
b]ood ce]]s, s1nce th1s 1s the part of the compartment usua11y samp]ed
. the apparent vo]ume of dlstfibut1on wt/} be less thanFthe actua] p]asma -"'
) vo1ume In contrast ‘a hlgh value for the vo]umelpf d1str1but1on wou]d
-'be an 1nd1cat1on of the 1opa11zat1on and concentrat1on of the drug 1n ‘V'
.body t1ssues other than b1ood Thus 1:ﬁ1s 1mportant to have a good know-

-/
.'1edge of the degree of p]asma prote1n b1nd1ng and t1ssue 1oca11zat1on a -

L drug undergoes 1n order to: fu]]y understand the k1net1cs of a drug

5fth1s 1nformatxon were not ava11ab1e mfslead1ng conclus1ons regard1ng

,the therapeutﬁc performance of the drug cou]d be made A good exampﬂe

' “r,;of the va]ue of th1s data was Produced by Suther]and (1962) who exam1ned fftff*

:~and compared blood and t1ssue 1evels of spiramycwn and erythromycin }
';dAn excellent dwséuss1on of the effects of p]asma protein b1nding on drug

iid1str1but1on has been presented by Martin (1965a) A]so Mart1n (1965b)

"showed that p1asma ?rotem bindfng not’ only mf'luences the diStﬁbU”O"

"'w'hJof drugs 1n the body but also affects the e11mtnat1on of drugs from the R

h ;fbody Th1s 1s because drug bound to prote1n is. not ava11ab1e for ;f%;fgvf'fﬁw<7

. .



metabolrsm nor can it be excreted by fi]tration through the renal tubu]es
Thus the b1o]ogica1 half- 11fe of a drug which is extens1ve1y protein g////ikﬁ\\
]bound“is often quite Tong. The fact that p1asma protein bind%ng affect :"
the pharmacok1net1c parameters for a drug hgs been shown by severa]
authors (Anton, 1961‘ Brodie and Hogben 1957 we1ner et al. 1950,»
W1seman and Ne]son 1964) o o - . |
_ When the body is considered as a sdng]e compartment and the drug
is glven other than 1ntravenous]y, for examp1e ora11y, the pharmacokinetic
- mode] needs tQ be modi fied as may be ‘seen in’ Fiqure 1b The on]y differ-
’ence from the sing1e compartment model for 1ntravenous doS1ng shown in :'
» Figure 1a is the tntroduct1on of a. term Dg Th1s represents the amouht |
of drug- gived oral]y, wh1ch after a- su1tab1e lag t1me undergoes disin- _'°\; L
f tegrat1on ang dtsso]ution and absorption 1nto the s1ng]e compartment
.The rate constant for absorpt1on is termed K The compartment drug
E level t1me prof11e 1s then descr1bed by equation 52) (assum1ng a]l the n-
drug is absorbed) ) o -
L — (e -e™an) T )
| . /'.. SRREEE NG vag el c,;’%'
Exam1nat1on of th1s equation shows that the concentrat1on of g

‘ :*1n the compartment wf]l 1ncrease unt1] 1t reaches a maximum which w11]

ol

'then dec11ne Th1s 1s because the rate of drug/e11minat1on up to the
':peak 1eve1 1s less than the rate of absorpt1on After the maximum the

'_reverse is true The t1me of occurrence of the max1mum drug Jeve1 (éﬁ; )

2;-15 1ndependent of dosesdepend1ng only on K and K can‘be obtatned »r?f;_;_ -
flﬁnom equat1on (5) R ”‘ f ' RS | e o
: .,AMX,; R . ;:y v;f‘;?j'.‘.;i'.‘-; BT S
o a7 L o J‘nfi Shes e el A8 T




‘Note, however that the maanitude of the peak compartmental concentratfon

K

% ;’ . D K.\ K -K R o Fa

. When the absorpt1on of the drug from its site of administrat1on 1s
aéggh incomplete, . equat1on (8) has to be mod1f1ed to give equation (7).
PR . N (e'-Kt_e*"aa C )
2ié’a _ . K=K ' o | S
where F is.the7fractfon of the dosehabsorbed In equat1on (7), when K
~is at Ieast two to three times greater than K, wh1ch is often the case,
the contr1but1on of the term ' eKa ' becomes. neg11glb1e Therefore, the -
‘.slope of the term1na1 port1on of the stralght Tiné which results from a
sem1loqar1thm1c plot of the' compartment concentrat1on t;me data y1e1ds '
the e11m1nat1on rate constant ‘K' “&‘ | " '
| S1nce the shape of the compartment concentratlon t1me curve gener-
ated by equat1on'(7) depends on the d1fference between the products of a f}

clconstant and “the exponent1a1 terms oKt Kat

| and e the absorpt1on rate
constant K ; may be determ1ned by subtract1nq the compartment concen- .
'tratwon from the ascend1ng port1on of the curve from the estlmated
l'concentrat1ons wh1ch result when the descend1ng port1on of - the curve is
_‘extrapolated back to the ord1nate Th1s technlqui’4gpreferred to as
}'feather1nq e ) .' o | : o
| The est1mat1on of 'F', the fract1on of dose abSOrbed per vo]ume of
d1str1but1on, in. equatlon (7) can thus be accomp11shed by comparlng the '

"areas under the compartment concentrat1on time curves obta1ned after the .

e

0

1s a function of the size of the dose adm1n1stered accord1ng to equat1on (7).

adm1n1strat1on of the ‘same. amount of drug by the 1ntravenous and other L



routesfi Th1s is best done in the same animal if. at all posstb({; This
procedure offers an exce]lent ‘way of study1nq the 1nf1uence of varving\

the physicochem1ca1 properties and fonnd]ation of the druq on absorption 1-
By determining Ky» Fo to,y and the area under the curve (AUC) for various
po1ymorphic forms of.the drug, for var1ous adjuvants and d11uentsvand for
various: dosaqe forms, 1t is p0551b1e ‘to compare formu1at10ns by a number
of d1fferent routes Studies such as th1s are important since variationSi

in manufactur1ng procEsses may 1nf1uence the rate and extent of- absorptton

of a drug from its dosagé form (Go]dste1n 1968; .D.I. B 1969). Martin

et al. (1968) have noted d1fferences in: the av%;$abil1ty of preparat1ons of -

d1pheny1hydanto1n, sulfisoxazole and ch1oramphen1col produced by d1ffer-
ent-manufacturers Many more examp]es are known but one of the most )
' recent and s1qn1f1cant refers to the ava11ab111ty of - diqoxin from the '
products of var1ous manufacturers (waoner et a] 1973a) |
‘Methods of est1mat1ng the bioavai]ab11ity of drugs and the prob]ems L

assoc1ated w1th these determinat1ons have been d1scussed by Beckett and

Tucker (1967) D1ttert and Dlsanto (1973) and Wagner (1966) The'methods- '

., are essent1a11y those descr1bed above but the authors discuss the prac-.
t1ca1 and computat1ona1 d1ff1cu1t1es wh1ch have to be reso]ved to gbtaln
mean1ngfu1 data | | ’ | | - o ‘

.J\., In fost 1nstances, however, drugs are not g1ven once on]y. but

accord1ng to a schedu]e In the maJor1ty of cases the p]asma 1eve1 of

~a drug relates d1rect1y to 1ts therapeut1c or toxic effects (Davies and

' Pr1tchard 1973). . Thus the plasma 1eve1 time/profi]e can be used to d-'
avo1d tox1c concentrat1ons of drug in p1asma (Ne]son and Kruger-Th1emer, 1
]964 0’Re111y, 1972 Wagner and Metz]er 1969) As has been polnted
out by some of these authors, a dos1ng schedu1e need not be emp1r1ca1

ok

n

. cy



o s1nq1e dose accord1ng to equation (9)

but shou]d be based on a know]edae of the k1net1cs of’ the druq being
used 1n that: part1cu1ar anima] or patient . |

If the same dose 'D' of a drug 15 adm1nistered repeated]y at a fixed
' interval of time 'J’ The amount of druq,present 1n the comeartment in
this case the term p1asna w111 be used after the nth administration is

‘g1yen by equat1on.(8).

C.- & _Fﬂ Ka ekt o
- K=K Lo

‘where C is the p]asma concentration of the druq after the nth dosing
. ‘ The degree of drug accumu1at1on after mu]tiple dosinq may be ascer- . ':-‘t
'_7ta1ned from the druq accumu1at10n rat1o, 'R'. -~ This may be defined as, the ‘
frat1o of the averaqe amount of drug in the body, at the t1me a plateau k
.concentration is reached to the amount of drug absorbed fo]lowing a -

| uhere C_ is the averaqe concentration of the drua 1n the body after

“

"l’adm1n1strat1on of n' doses
’ S1nce o PR _ S I
" substituting for T, in equation (9) we obtain o R |

IR T e e (u)

| _;f'Th1s re1at1onsh1p 1ndjcates that ‘the druq—accumu]at1on ratio 1s dependent

"bn the overa11 e11m1nat1on rate constant K, (where K = 0 693/t]/2) and
"the dosmng 1nterva1 Ji; In terms of bio1oq1ca1 half 11fe (t]/2) the

o . '.v.'\
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~ accumulation ratio, R, may be expressed as:

S Y R A7) R
Thus the dosing- 1nterva1 should not be 1ess than 1.44 times the bio]ogical
haif 11fe of the drug to. prevent. toXic manifestations from drug accumu--
'1ation Hoicenberg (1970), as a physician empha51zed the usefu]ness of
a knowledge of the bioiogicai ha]f Tife of the druq for deciding proper
:f‘_dosage schedu]ing 1n the therapeutic management of the patient An entire .
| symp051um was sponsored by the Hoechst Laboratories in 1970 to emphasize
7chis aspect of phannacokinetics, and the papers presented at the symposium S
1have been pubiished 1n the form of a book (Dengler 1970) .' o
A]though the concept of the one’ compartment pharmacokinetic mode] :
has been found- usefu] in character121ng the dynamics of druq absorption,- ;'f‘

| d1$tr1but10n metabolism and excretion Dominquez (1950) p01nted out that R

"5-. one may . arrive at a better underSFanding of the phannacokinetic behavaourfhi

! of ‘a drug in the body, 1f the body 1s con51dered as a system divided—into,f_h;”i;;
more than one 1nterconnected compartments 1nto which the druq dnstributes?-~-h
1tse1f Rescigno and Segre (1966) and R1gqs (1963) have presented detai]ed
accounts of the mathematical ba51s of such compartmental anaiyses These 'ffjetﬁ»
authors have presented various mathematicai mode]s which consider the [as
"body to con31st of on;'or“more compartments connected together in diverse
t !manners One or other of these mode]s shouid be quite adequate to des- =:.ﬁhii,;f
T cribe the p]asma 1eve1-t1me profi]e of most drugs ' ;_ ;'. 'h_ | h ;
The kinetic behav1our of a mu]ticompartment system can be described

=~mathemat1ca11y by a general system of linear first—order differential v:f.h"f'ﬁ

'r.eqUations of the type
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| where D and Dj represent the actua1 amount ‘of drug 1n the 1th and J

- 1compartment respect1ve1y, and Kij stands for. the rate constant for the
'transfer of drug from 1th to the. J'h compartment Re1ge1man et a] 1968)
‘tested exper1menta11y the va11d1ty of one and two compartment pharmaco-
;k1net1c mode]s by compar1ng the results of the phanmacokinet1c ana]ysis N

_d of exper1menta] blood 1eve1 data, us1ng 3 one and two compartment system.’

. They showed that for some drugs whose pharmacok1netic behaviour cannot 4:_-1"

be exp1a1ned adequate1y with a one. compartment pharmacokinetic mode] 3

'__two compartment pharmacok1net1c mode] seemed to offer resu]ts which were;fj;.rfa

_cons1stent W1th the exper1menta] data A two compartment mode] used 1n‘f.

: _th1s 1nvestlgat1on is shown schemat1ca11y in Figures 2a and b,
In F1gure 2a, C is- the concentratwon of the drug 1n the centra1

: lcompartment C, 1nto which the drug 1s direct]y adm1n1stered by an 1ntra-f7fff(

"I~venous adm1nxstrat1on The centra1 compartment C, 1nc1udes the b]ood

o ,other body f1u1ds and the organs and t1ssues h1qh1y perfused w1th b100d

- T is the per1phera1 compartment 1nto wh1th the drug from the central com- ‘ i.?j

”::partment C, 1s d1str1buted Kct 1s the f1rst order rate constant for the

;“m~transfer of drug from the centra] compartment C 1nto the periphera]

e compartment T Ktc, 1s the f1rst order rate constant for the return of

'»; the druq from the per1phera1 compartment T into the centra1 compartment

T'v',C for metabo]1sm and excret1on It Hs assumed that all metabo1ism and

Vs ;excretion occurs from the centra1 compartment Ku is the first order rate

.": \
constant for excret1on of the unchanged drug 1nto urine and Km 1s the

'::jf1rst order rate constant for the metabo11sm of the drug The overa11

| ‘f@;_e11m1nat1on rate constant K whlch 1nc1udes the rate constants for :fjffiﬁﬂgth



KCt | . Ktc .0'“

I.V. injection——

F1guré'2a A scheme show1ng a two, compartment pharmacokineticm ' 2

? & hode1 for a drug fo]10w1nq 1ntravenous administration

i v

s

Fiqﬂfé 25 A scheme show1ng a two compartment pharmacokmet*lc,-f-"v_f'''~

"'H }‘mode1 fcr a drug fo110w1ng oral administration



metabo]1sm and excret1on, d1ffers from the overa]] rate constant K of a

~one comnartment mode] in that the K of the -one compartment mode] COr_

responds’ to-the hybr1d rate constant 'B' of the two compartment mode] “

~ Du and Dmu have been def1ned prev1ous1y for a one compartment mode]

'Based on the two'comp\rtment mode] scheme shown in, quure 2a, the b1ood f; d?i

,_1eveT “time curve can be descr1bed by equatlon (14). 15-"‘”.j‘ L 3 N\

5"(':c'.= A e ¥ 4lB;e'?tf . f o _;.f - ;._‘,V,ZQ;“'a '(14)-,.

where at t 0, the 1n1t1a1 p1asma concentrat1on C A + B and Q-
_ and 8 are hybr1d rate constants each 1nf1uenced by a11 the 1nd1v1dua1

--.l\rate processes The knowledge of the concentrat1on of the drug in: the jifi'ir
: ucentra] compartment C as a funct1on of t1me perm1ts the est1mat1on of T

:‘other rate constants and re1ated pharmacok1net1c parameter accord1nq

';to equat1ons 15 through 25

S .

AB + Bu arlnifféoffs _;tt}f;;';gsiﬁga.f;.“*{ffﬂ;(JG)";gflﬁf«f'fa
A+B : o - K "':-.‘i.“l'-.'y'

e

“_, A

Geewm e

S e

v.":Q' - .': : .
1]

’-.~..__'1‘_/_”12,‘-(.‘Két -'f’"K;},"Ktc:)ﬁfl';;%is 7,_\"(I"(ct;'-I?"‘K";#:._K_t'c);zx 4Ktc K (18)’_‘:;,'.’."['-j'ﬁif_

’ ',11'1/2frkctp+fK;¥thc);'Q?WA (Kct + K + Ktc)z':e 4Ktc K (IQYiTEfT;f

Cw
PN T

| ’C.ldf693:gf5
B
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cvo= R B A1

*‘Where.vf 1s“the volnme of dtStribution for the drug in the central o ‘.rf*' .
compartment | |

Vt. v Kct ’ oL @)

. Ktc

where V 1s the volume of d1str1but1on of ‘the drug 1n the per1pheral:d Ll

'.-compartment '-_' --'f.‘ o -.' 1;~ ﬁ N
b, - Ket.D (é-at s Bty SR .. S (28)
o (a B) AT S e

‘where'Dt 1s the amount of druq 1n the per1phera1 compartment

~where Du is the amount of unchanged drug excreted in the urine; .

BT

o Dj;:when the d1sappearance of the drug from the centra1 compartment as a :

‘ 739;‘very T1tt1e samp11ng durlng the 1n1t1a1 phase an erroneous estimation

et

1

S funct1on of t1me follow1ng an 1ntravenous dos1ng, shows a b1phas1c be- ='fh‘
”'fhav1our (see F1gure 16), the ana]ysis of the b1ood 1eve1 data requires |
| ?'a m1n1mum of two compartments in a mode] However, 1f the flrst phase

*/fjshOW1nq the rap1d dec11ne 1n plasma concentration 1s not seen because ofﬂj}” AT

;”of the drug d1str1but1on vo1ume V is obtained and one is tempted to. usef}f;7

Tiﬂﬂfthe term1na1 phase of the drug-disappearance curve for the determinaLtoh;T]itﬁ*;i**

'i"nf&;_of b1o1oo1ca1 ha1f ]1fe accord1nq to (] one compartment mode] Riegelmanf;hf;ihff{if
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G .5' , .
(1970) has caut1oned against such m1stakes 1n the ana]ysis of p]asma .
'1eve1 data He stronqu advises the experimenter to take a suff1c1ent
number of b1ood samp]es 1mmed1ate]y Fo]]owing the intrayenous adm1n1-

-strat1on at short 1nterva1s so as not to m1ss the fast dtstr1bution

cphase _ . : R
| In the two compartment mode1 in wh1ch an absorpt1on st9p is. 1"- '_ ;~g&
| c]uded Dg, ‘the amount of drug 1n the absorpt1on compartment (th1s is -
most often ‘the gastromtestmal tract) is. absorbed 1"’C° the Ce"tm . ';

compartment C as shown 1n F)gure 2b Under these c1rcumstances the
'"-‘EBncentratlon of druo in the centra] compartment at t1me 't' 15 given f}*'
iby the equat1on :' 5 o T : |

. C\

- Where5C”e*KaF'frépresentsfthe‘am6uht;of;drug,rematningfin}thefgut_atf,;t.-f.f;ff‘j{
| :_.»tTme 'tl‘ ‘ ‘ ' ' s LT b

The process of druq absorpt10n,‘d1str1bution metab011sm and
1

."1;excret10n can a]so be stud1ed by~observ1ng the amount of drug excreted lpfpj
*]f}funchanqed in the ur1ne after varfous time 1ntervals This method has fj;ff
: -,._7some advantages over methods 12yolving studies of b]ood Ievels, part1c- ff’\

\ .ddularly in cases- in whwch the amount of. drug found tn blood 1s be]ow the ;‘j{flf;ﬁfﬁ

i

"h'";ﬂ?detectlon 11m1ts of known analytica] methods Urine usually contains

) ;7.re1at1ve1y 1arqe amounts of unchanged druq and 75 ava11ab1e i" greater
'"*l'fﬁjivolumes than blood Stud1es of ur1nary excretion a]so have the advan-
T;jﬁtaqe that’ they do not requ1re]a knowledge °f the apparent volume °f

«? ~':»y;'",-d1str1but1on The rate of excretion of unchanged druq 1n the urine

; 7"?ﬂofcan be descrlb%d by eq“at’°" (27)

e N
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odbu = K Dekt N 7/ T

where Q—EE- is the excretwon rate at’ t1me 't slntegration'givesﬁ

o dt-
~equation (28),
Duo= Koo Do (1 - e'“)-v RO ¢
, : , ;/kﬂ o R |
The above equat1on assumes that the druh \'en mtrav ous]y If the Lo
. drug: 1s g1ven ora]]y, equat1ons 29 -3 may be used to analyse data
:x obta1ned in a ur1nary excret1on study | o '1" e N S
FL N Tl (e Kt) e

‘ Du"='F;Df.Ku,,l‘.l[}%(1¢e'm?N-K(?I-e'Katj]'i'(so)~4.~;‘,-

Ce

' where Du 1s the total amount of druq excreted 1n the urine-after

-f”faf?1nf1n1te tlme Th1s is. usualiy considered to be equivalent to not Tess

‘"f;than six half 11ves (t1/2) of the drug In any ur1nary excretion study

"-".'model In add1t1on to this it 15 often wise to study thq urinary

'ﬂ.})excretlon of both the unchanqed drug and 1ts metabo]ites.i The,re Eon

7fna:tthe case of sa]1cy1am1de the drug ggea to be veny poor]y absorbedi7.iﬁf

'7”s1mu1taneous determlnations oﬁ plaSma levels of druq have great value «;gt’fi;~~-*'

ftf'1n determ1n1ng the k1net1c constants of the drug for a particuiar

ijor th1s may be seen 1n the work of Barr (1969) Barr showed that 1n




s

2

\

4

'when q1ven ora11y since low blood 1eve1s of ‘the drug were observed in
} treated an1ma1s But a study of the urinary excret1on of the druq and
;1ts metabolites, fo]low1ng ora] and 1ntravenous adm1nistrat1on demon- .
i.strated the presence of 1arge amounts of the metabo]1tes of salicylamide,
: 1nd1cat1ng that in fact the drug was - we]] absorbed but rap1d1y metabo]— g L
Jised. N o o _‘ -
- The ur1nary excretton of many weak1y ac1d and weak]y bas1c drugs -
”:tls dependent on the pH of the g]omeru1ar f11trate Therefore any |
pharmacok1net1c study based on ur1nary excret1on data under cond1t1onsv-” ,ﬂ'? S
‘,of uncontro]]ed ur1nary pH may be mtsleading parttcu]ar]y with respect EE
:,ito the b1o]og1ca1 half life Th1s is because tubu]ar reabsorption of

lthe weak1y ac1d and bas1c druqs may be enhanced under abiddc and a]kaline

:'i'pH reSpect1ve1y (Asatoor et a] 1965 Beckett et a] ]965 Orloff

‘-fand Ber11ner, 1956 Nelson, 1961b Portnoff et al ‘s ]961) From
what has been presented above, it may be apparent that a systematic and

vndeta11ed know]edge of the pharmacok1net1cs of a drug is. essent1a1 for

o ffdts proper use a V1ew wh1ch has been supported by a number of authbrs

‘_(Kaplan, 1972 Ne]son 1961a, D I. B.. }969,J;Wagner,_JQGJ!::Rossum,;::ff]f;?ei o

’ra,j‘1971 wagnerz 1971b)

Pharmacok1net1c and b1ophannaceut1ca1 approaches to the study of

",]drug absorpt1on, d1§tr1but1on and excretion are based on the concept of

"';_dThe varwous processes assumed to be takzng place are defined by a number
'ntf,of d1fferent1a1 equat1ons Because the solutlon of different1a1 equattons ﬁf

"af;,can be complex and ted1ous, 1t 1s clear that the protess of determiningt

_hus1ng mathemat1ca1 modeTs to account for the var1ous events which occur

i_fpharmacok1net1c parameters wou]d be dtfficult without the help of com~

puters In fact, a number of pharmaceutical and pharmacojogica] (IR
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researchers in the past avo1ded pharmacokinetic 1nvestiqat1ons because ‘
of the computat1ona1 prob]ems 1nvo1ved Today the computations in |
:phanmacok1net1c 1nvest1qat1ons are stra1ghtforward because of the var1ous ,
'computer proqrams wh1ch are readily ava11ab1e Thus, even a researcher
: fwuthout much mathemat1ca1 backgrodnd can confwdent1y hand]e pharmaco--
t‘klnet1c 1nvest1qat10ns with the he1p of computers Garrett et a] (1960)

have presented the fundamenta]s and . the ph11osophy of e1ectron1c ana1og

. computers Ana]og computers have been used in the determ1nat1on of ER

‘ var1ous pharmacok1net1c parameters and for testanq the va11d1ty of pro- |
- posed compartmenta1 mode]s (Beckett and Tucker, 1968a Beckett et a]

1968b) - K1rsten and Ross (1972) have pub11shed analog prcgram c1rcu1ts

: ,‘for 51mu1at10n of mu1t1p1e dos1no k1net1cs and var1ab1e dosing reglmens

- obtained. ]

“‘:7'the best fit to a mu]tiexponentia1 equation, written in ALGOL was re- ,7Q5

},were s1mu1ated us1ng an ana]oq computer by K1rschner et a] (1973)
.'_Although ana1oq computers are exce]lent for the so]ution of d1fferent1a1
equat1ons, they are 1ess accurate than d1q1ta1 computers for the deter—“:‘i;f;i“ h

;f pharmacok1net1c parameters and rate constants

<

cA

;of dlg1ta1 computer programs avai]ab]e for 1terat1ve
r;ing of p1asma level data fqr the estimation of various
. ph L ,f nstants and parameters Berman (1965) used a program
eitcaijedtﬁfi ; :t‘data to a desired physica] or mathematfea1 mode1 by faffﬁﬂiieaf

»'lﬁtadjusti ?g _Farameter va]ues of the mode1 unti] the best f1t was

Azer proqrams avaT1ab1e are BMD X85 (Serfes from Hea]th _
'V_Sctencesﬁ' futer Fac111ty, Univer51ty of Ca1ifornia at Los Ange]es) and

V-NONLIN (M ' er, 1968) An iterat1ve 1east square method for f1nd1n9

V‘cported by Koazum1 et aT (1973) NiebergaT et al (1974) have ecentl”'

'“ﬁpub11shed a computer proqram to ca1cu1ate and predict p]asma Ie el




. . . . v

~ during mu]tipié»dosing schemes. COMPT, a time-sharing program for
-non11near Regres51on Ana]ysis of Compartment Mode]s ‘was recent]y re-:
ported by Pfeffer (1973) ' |

It 1s c1ear from the preced1ng 1ntroduct1on that the hinetics of

. ?_'absorpt1on d1str1but1on and c1earance of a drug in the body can be -

accounted for usinq mathematica] mode1s and that computer programs

ex1st for f1tt1nq mode]s to. experimental]y determ1ned parameters Thts;”

~in turn w1]1 qenerate a ser1es of pharmacokinet1c constants which can

IR
N

be used to account for, 1nterpret and pred1ct the behav1or of a drug

i.1n the body. .

22
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whilst‘reviewing the literature on the various aspects of pharmaco--

kinetics, the author's attention was‘drawnhto the absence of pharmaco-

kinetic studies on the'substituted succinimides-'ethOSux1m1de 'meth;

suximide and phensUXimide’ These aqents have been wide]y used as anti- :

convu1sants in the treatment of pet1t mal ep11epsy
- Miller and-Long (1953a b) of Park-Davis, Laborator1es had been
attracted to the succ1n1m1de ring system in the1r search for new |
ant1 convu]sant drugs because of the structura1 simi]ar1t1es between
“the succ1n1m1de r1ng and. the r1nq system’ of known antf-convu1sant
druqs (F1gure 3). These workers synthes1sé% a séries’ of N-a,B-
alkyl succ1n1m1des 1nc1ud1ng ethosux1m1de mé@hsuxim1de and phensux1m1de
_ Chen et al. (1951 1963) screened these substltutednsuco1n1m1des;for
:f;'anti—coanTsant”act1v1ty against 1eptazo]—inducedtconvn1sions {ntrats;

% They found ethosuximide methsuxfmtdefand phensuximide"to be}high]y.

| effect1ve anti-convu]sants in this test. Subsequent cTinica]‘studies ‘

demonstrated the c11n1ca1 usefu1ness of these aqents aga1nst petit ma]

.ep11epsy A survey of the: 11terature reveaTed that few pharmacokinetlc '

Cor b1opharmaceut1ca1 stud1es had been carr1ed out on ethosux1mide

_-methsux1m1de or phensux1m1de, 1n elther an1mals or man Most of the

'1nformat1on wh1ch was ava11ab1e dealt wrth aspects of the,phx§301og1ca]

. n .
‘d1spos1t1on of these agents rather than look1ng at. the1rpharmacok1net1cs

and b1opharmaceut1cs The 11terature ava11ab1e on these agents 1s

EREEE AT
reVJewed below.;" o

Ethosux1m1de

&£ Z1mmerman and Burqeme1ster (]958) and Vogsen (]9%?) reported the first

*c11n1ca1 use of ethosux1m1de 1n pet1t ma] ep',epsy and ethosuxlmlde @'

24



© PHENACEMIDE - COMMON PHENSUXIMIDE-
S STRUCTURE ST

C2H5
e CH3 |
METHSUXIMIDE ETHOSUXIMIDE

. F1gure 3 The: chem1ca1 structures of subst1tuted succ1mm1des
."showmg structura] s1m11ar1t1es mth other ant1convulsants

- ‘¢
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A

entered therapeut1cs as the drug of choice for petit mal epi]epsy 1n 1951

A 11m1ted study of the b1ood 1evels of ethosux1m1de in man was

- reported by Hansen and Fe]dberg (1964) These workers showed that the o

drug was rap1d1y absorbed fol]ow1ng ora] administrat1on A 51ng1e dose

_‘of 750 mg qave a peak p]asma Tevel. of 15 mcq/m] 2 - 4 hours fo]]owing
adm1n1strat1on The level of the drug 1n p1asma then remained near]y
. the same for the next 24 hours After a mu]tip]e dos1nq schedu]e of

_ 250 mg ora]ly, three t1mes a day “for 12 days they reported a pTasma y

1eve1 of ethosux1m1de rang1ng between 35 and 55 mcg/m] reached w1th1n

4 days No determ1nat1on of- the b1o]og1ca1 ha1f 1ife or’ any other

»pharmacok1net1c parameters was reported

. Dpil. et a] (1965) stud1ed the physio1og1ca1 d1spos1tion of

. ethosux1m1de in man, monkey and rat but the detai]s of their f1nd1ngs o

were not pub11shed unti] recent1y

Haerer et al. (1970) stud1ed the b1ood levels of ethpsux1m1de 1n L

: ep11ept1c pat1ents They reported levels averaglng 40 mcg/m?
- ;-ch11dren and young adu]ts w1th pet1t mal “or m1xed se1zure disorders. ?]f_‘:.
..Buchanan et a] (1973) reported mean p1asma 1evels of 33 mcg/m] 1n f1ye
B vo]unteers rece1vtng a da1]y dOSe of 500 mg ethosux1m1de, oral]y, for

.:’9 days -~ The b1o]og1ca1 ha]f 11fe was reported to be 56 hours 1n this

; . B

The b1o1og1ca1 half ]1fe of. ethosux1m1de has been shown to be

'Tspec1es dependent In man the b1o1og1ca] ha]f 11fe was reported to be
n.i}54 - 66 hours, 1n monkey around 22 hours and 1n rats about 12 hours .
(Chang. et al., 1972) Also Sherwin and Robb (1972) have reported age o
fre]ated d1fferences 1n the b1o1og1cal half 1ife of ethosuximide :

JT"Buchanan et a] (1969) stud1ed the b]ood 1eve]s of ethosuxim1de in

SRR
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five children after‘a'dose of ZarontinR syrup or ZarontinR

capsules,
orally They reported that peak plasma levels occurred 3 - 4 hours R
T folloWing d051ng They reported the plasma half life of ethosux1mide to
ihbe shorter in children than "in adults (children. 30 hours, adults, 66 ;
“hours). These workers atso found nh differences between the total
3amount of ethosuximide absorbed from’ the syrup or capsule dosage forms

| SherW1n et al (l973) monitored plasma levels of ethosuximide in

,

| 170 patients and showed that this resulted in 1mproved control of the _lh

- patient s epilepsy, when drug Tevels were maintained within specified

Chang et al. (1972) summarized most of the 1nformation on the f{f-lﬁ;'

| gdlSpOSlthn of ethOSuX1m1de in a text on anti-epileptic drugs Thef'sﬁ“”
:surrmary shows ‘t ethosux1m1de 1s umformly distributed throughout the}';"'_ :::
,'body, follOW1ng administration of the drug, Wlth the exception of fat S
} This rev1ew also reports that the total urinary excretion of unchanged :af117g. *'1

thOSUlelde in man monkey and rat was 51milar and ranged from l3 - lgf. :ﬂff':

The metabolism of ethosux1m1de has been studied by several workersgf;;ff:jfv-‘

‘ v-”Dill et al (1965) took urine from rats*and monkeys qiven ethosux1mide,ff"sn“'j7

| treated lt Wlth beta—gluCuronidase and extracted the hydrolysate w1th

o chloroform The chloroform extract was subjected to gas chromatography,fj'f.v

f;fj_ethosux1m1de in the urine of rat and

X

Five peaks due\to metaboliuaswere found but they were not identified
Horning et al (1973a) 1dent1f1ed foyr monohydroxy metabolites of |

man. They also reported that in

'ﬂ;erat more unchanged druq than metabolites was present 1n plasma.<_lﬁ’-ﬁ7'”

v";;fcontrast, 1n man, 1n plasma a monohydroxy metabolite was present in "fg;}fféfn{ﬁ

,t;1arger amounts thanlthe unchanged drug In this study metabolftes [;:’)?;;.;LT;'L3
SRV : T'_Ib’];.‘ N

».\\ -
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o g,effect1ve in’ some pat1ents w1th refractory pet1t mal epilepsy (Schmidt,” DA

‘:;7__"of psychomotor d1sorders (L1v1nqston 1966)

were 1dent1f1ed by gas chromatoqraphy-mass spectrometry
Orton and Nicho]]s (1972a) us1nq the reduction of hexobarbita1'
'»sleeplng time as a measure c1a1med ethosuximide had the abi]ity to
| l”'1nduce ‘hepatic. m1crosoma1 enzymes Synthe51s of porpherns was not . i-_' o
"Taffected in th1s study _- e oL
a Nahorsk1 (1972) reported that ethosux1m1de 1ncreased the bra1n/
: b]ood g1ucose rat1o by st1mu1at1ng the transport of«glucose from b]ood '
"»to brain | " _ | | L N | B |
B o The* survey shows that no deta11ed pharmacok1net1c studies have
'.lbeen conducted on ethosux1mide most of the data is. c1inica11y or1ent- ;ﬁd‘d
ated but not based on a rat1ona1 pharmacokinetic approach to the use of
' ;the drug It 1s clear that the drug has a long half 11fe 1n some species | ‘3; g

o Methsux1m1de

»VL'fand that a]] spec1es stud1ed metabo]1se the drug

MEthsux1m1de was introduced 1nto c11n1ca1 use by Z1mmerman (1951)tur1?b5ﬁ
',It d1ffers from ethosux1m1de 1n structure (F1gure 3) The presence s
.~.ﬂof a phenyl subst1tuent 1n the succ1n1m1de r1ng has been postu]ated to?:ﬂ;it‘td:.r
fconfer protect1on aga1nst electroshock convu]sions The a-methy] |
E?subst1tuent 1s be11eved to confer protection against Tepta201 1nducedibbzfli;;;?7;ﬁ}:

.;sconvu1s1ons (Glazko and D11] 1972) The druq has been reported to be:i?jin”z,_tasnf

'ffand W11der 1968) and 1t has been used occasiona]ly 1n the treatment ifjffli?9rr-”~'5

S G1azk° and 0111 (1972)rev1ewed most of the avai]ab]e 1nformation fﬁf,}!ﬂf"f”}?f’
}} on the phys1olog1ca1 d1sposrtaon of methsux1m1de ' In rats, after 0ra]£35? o
| fgdm1n1strat1on the d”UQ has been shown to be unlfbrmly distributed j"}_afi,f“”«?;




'}throuqhout the body tissues | fn man‘da sihg1e OraIAdose of ]260 mg 6f"_§-

| ﬁEthSUX1m1de was reported to produce a peak p]asma 1eve1 of 12 8 mcg/m]
df w1th1n one: hour after adm1n1strat1on of: the druq The reported plasma o
half ]1fe’ in this study, was. between 2 and 4 hours It was noted that o

: U1tTPTe dOSing reduced the half 11fe of the drug 1nd1cating that 1t [L L f “”
"~may 1nduce ltS own metabolism N1cholls and Orton (1972), using ]40_ Jf“frttj:: .
‘At1abe11ed meth5ux1m1de showed that the drug was rapidTy absorbed when o ‘
v‘given oral]y These workers recovered 26 per cent of the administered fﬁ;ffgivﬁh
'-fradioact1v1ty in. the urine ffati5”.:t.li;;; gjeffr;irffg;ltl*»- SR

The metabol1sm of methsuximide has been stud1ed by severa] workers

X f',,'mazko and. Dm (1972), using s chromatography, detected a “"’“29’ of

:‘metabo1ites of methsux1m1de 1n urine after derlvatisation to form '!~ff”*~~ﬁ%'sf
b tr‘mEth¥]51]¥] ana]ogues but none of the metabolites was identified‘,-;;g" Lo

»:";'Mum st al. (1973) ‘de""‘f‘ed an N-demethyhted metaboHte of meth- o

"'i’sux1m1de us1ng gas chromatography-mass spectrometry Horn1ng et al

t(1973b) have 1dent1f1ed three metabo11tes of methsuxfmide 1n the urine

: .(:of rat gu1nea p1g and human fol]owing the adminfstration of the drug.

vn-~ff;'The metab011tes were character1zed as N 2-d1methy1-2(3 4—d1hydroxy-

5 cgclohexad1en 1-y1)succ1n1m1de and the two 1somer1c N 2 dimethy1 -»f;.;?;}j;r
(3 hydrOXYPhenyl)succ1n1m1de L | B A R
2%
Orton and Nicho1ls (1972b) showed, in rats that methsuximfde

: Mirfjcou1d 1nduce 1ncreased metabolism of- hexobarbftal and itse]f but did

o ”7}lf1nd1ng the N-demethylated metaboltte had a we]lddef1ned porph¥F1“°‘ 1*: j;

' jnot affect 11ver synthes1s of porphyrins In contrast to this latter

'bigen1c effect on the 11ver of chick embryos

Acute 1ntox1cat1on due to methsuximide 1s rare (Schulte and Good

A*ﬂgfd1966) but recently Karch (1973) reports an unusua1 case of an 18 year




au was. attr1buted to the sTowTy excreted N-demethy]ated metabo]1te of

on girl who had'ingested-ankoverdose of the-dqu The g1r1 was _j”
.'\comatose 60 hours after 1ngest1on of the methSuximide During the—
']-comatosed cond1t1on, h1gh 1eyels of the N-demethy]ated metabo]ite o

T;fmethsux1m1de were found 1n her pTasma The 10ng Tasting depressfon

. .}methsux1m1de s1nce the plasma ha]f T1fe of methsux1mide was very short i
'1;:(3 hours) o u - : 4-. ah. n‘,_ :..a”' ', : |

7 It 1s cTear from th1s 11terature survey that 11tt1e Systematic A;T., o
i;di' pharmacok1netic work has been performed on methsux1m1de More attentfon

- -appears to have been spent on the metab011sm of the drug. e

‘. Phensux1m1de

Z1mmerman (]951) reported the first clinica] use of phensuximide in
treatment of pet1t maT Ep11epsy Most of the information on the _Tnﬁ_‘_,aﬁ,f,

\og1ca1 disp051tion of phensuximide has been summarfzed by l;ffi;hn5;7}5"\?;f

e _GTazko et al. (1954) and G'lazko and 0111(1972) Rats given 100 mg/kg; \ L

:f‘7rof phensux1m1de orally, atta1ned a peak drug pTasne Teve] within

' “1_12 hours The pTasma han 11fe was approximate]y 7 hours In man,_nri;ia” R

foTTow1ng a 1 8 g oraT dose of phensuximide the peak pTasma TeveTS
{ recorded ranged‘between TO - 19 mcg/ml withln four hours of dosing

Adm1n1strat1on of C Tabel]ed phensuximide to rats demonstratediﬁffﬂfffkﬁ;*};

'Lf{ that the drug was relative]y uniformly distr1buted throughout the

7-fid- ah1maTs._ Approximate]y 77 per cent of the adm#nistered radioact1vityﬁf{.fﬁ CE

| }i was recovered 1n the urine The drug showed TtttTe, if any, protein ;;"j'

o T“ b1nd1ng and d1d not acce]erate its own metabollsm on muT'c‘iP]e d°51"9'jfl~df

"ﬂ'j,N demethyTatjon occurs to on]y a smaTT extent In man, the para

‘-?j;; hydroxylated der1vat1ve of the drug has been reported as an 1mportant%j{

Some work on- the metabolism of the drug has been done In rats.f137




1 ./‘ s N
fmetabo]ite in urine Dud]ey et a] (]972) studled the metabo]ism of
phensux1m1de 1n dog They 1dent1f1ed the N-demethylated metabolite of

A

"vphensux1m1de but 1t was. present in on]y trace amounts and a product of

'r1ng c1eavage levo 2 phenylsucc1n1c ac1d (14%) and N'methyl-a-al;.ﬂ Ll
(p- hydroxypheny]) succ1n1m1de (5%) as the third metabo]ite,, ;;;C S
The reView of the literature revea]ed that neg1191b1e pharmaco-'*i' BEAN

:,fkwnetic 1nformation was avai]able on ethosuximide, methsuximide andlf-A;

"-,'31'

*'d_phensuxim1de Hence, 1t was fe1t that a pharmacokinetic and a bio-f,lfﬂﬂ”.]r, o

”pharmaceut1ca1 1nvestigat1on of the three succinimides wou]d he1p inf?f?i;,;,fgff

V"¢atta1n1ng a better understand1ng of the absorpt1on distribution andi;;qﬁﬂjﬁﬂ L

"“-.;forms and Bose regimens usua]ly employed emp1rica11y, 1n c]indca]
| "'.,hpnact1ce Therefore e systematic pharmacokinetic 1nvestigation of the

"7_f}succ1n1mides was undertaken

tvf”?metabo11sm of these drugs It would a]so he]p to justify the dosagei." e



Assay Hethods fcr the Determinatidn of SUCcinimides

1n B1o]oa1ca1 F1u1ds and Tissue Homoqenates

3w '.



A sensitive, seiective, reproducib]e, rapid method of estimation

Af;of the drug is essentiai for any pharmacokinetic or biopharmaceutical ;?: .
.'jstudy Aithough methods involving measurements of the radioactivity

h'of iabelied compounds are hiqhiy sensitive and can be used when no other

.7fcmethods are availabie for the quantitative ana]ysis of a druq, they ”«ﬁlsf_

o ;are not qenera]iy suitable for pharmacokinetic or biopharmaceuticai

"*“;v“studies This is because one oniy measures the '1abe1' and cumbersome,f{-‘i'*

j'_'..seperation techniques may ba necessary to differentiate the iabeiied

' "i:fldrug from its iabe]ied metabo]ites. Uniess this is done, inaccurate

R jh;estimates of the pharmacokinetic parameters wi]] be obtained because/ ffi'f~-f

/ 'ffﬁichromatography was. used to estimate the drug

1‘[ieach metaboiite has its own voiume of distribution and _ihervpharmaCO_;isiﬁ; o

f ikinetic parameters Thus Chang et a1 (1972) reported'that

dnr“Tife/of 1abe11ed ethosuxinﬁde, determined by measurinestotai radio-i‘:fiﬁffiiir

"yfactivity in piasma was three times ionder than the hal” iife;uhehrgiﬁv,.f:fﬁf;

o There is not a great deai of information in the iiterature on ;fffr;_f S
"_the estimation of‘these antid‘lvulsant drugs Phenyi substituted

13:,anticonvu1sant drugs have been determined coiorimetricaiiy by nitration ?*?*r}}7

:;of the phenyi rinq, foi]owed by reduction and diazotization of the

?:fljand time consuming for large numbers of analyses

: "f"'_with iodine (f‘iazko et a'i., 1954) But again this method was time

| “»f; consuminq and likeiy, non-specific

VIZprimary amino qroups (Huisman, 1966) but this method is non-specific

Phensuximide has been determined in blood and urine by fluorimetry*'**“*i

‘”1~a method based on the fact that the drug forms a fiuorescent product

A Seml'qua"t1tative thin iayer Ch'°mat09raphic method was’ reportedzha’

j_q;:for ethosuximide methsuximide and phensuxinﬂde in bioodc(ﬁardner-»
| ‘-‘"Thorpe et ai 19ﬁ) Rt e : o




. &' e

The dried thin iayer chromatoqraphy siiica gel-coated piates f-Q

'were examined under U V iight to detect methsuximide and phensuximide

\'1Ethosuximide was detected by Spraying the piates with mercurous nitrate

"wsoiution Hansen and Fe]dberg (1964) used a. U V method for the est- |

’o'

'imation of ethosuximide in b]ood The method depended on measuring the

‘absorbance of a chloroform extract of the b]ood samp]e at 218 nm. Bianks

"‘often gave hiqh readings and barbiturates interfered with the analysis..dlfe,igwi

'ffNone of the methods discussed so far met the requirements of a pharmaco-~a;ffad"
zi;kinetic study 1;; ff?. ;f&:fy;te"ﬂ,=ffi:;j%ﬁlgfdbi] | .“ d' |
Attention was then turned to the use of chromatoqraphy. Gas-~ﬁ |

‘iﬂliqu1d chromatography (GLC) has been wid used for theeanaiysis and

*n,detection of drugs 1n body fiuids and tiSSues (Jain and Kirk 1967)

&L"A number of authors have reported the use of gas chromatoqraphy in the

| h.fygsimuitaneous determination of a number of anticnnvulsant drugs (Soiow

"‘T;Q’and Green 1972 Roger et ai o ]973 Pippenger and Giiien. 1969)

-

"'quiii et ai (1965)€§eported a method in which a chioroform extract of

d;7acidified biood and urine was chromatographed u51ng a,e-dimethyi-s-'

o methyi succinimide as an internai standard, Oﬂ a 5 f°°t °°1"m"”paCked

- with 5% XE-60 on Gas Chron 7 at 155, 5% 0V-17 on “Gas chrom Q,”"-(-100/200

h'svi}‘nesh) has been used (Solow and Green, 1971 Soiow and Green T9721ﬂto

B f:determine ethosuximide in blood foiiowinq derivatization of ethosuxinﬂde

\1ffgvfwith tetramethyianmonium hydroxide at 100° Phensuximideiand meth-._,a-ﬁ3f7”’5;

:?aﬁsuximide have a150-been determined on the same column by tempet

'“eﬂprogramminq between 2]0°C and 230°C Eth05uximide and phensuximide

S

'»"":.:‘/,,‘(Kieian et al., 1973) haveﬁeen assayed in p'iasma and urin‘ -by GLC _on o

‘~7ef’5the internai standard for ethosuximide and di-n-butyl phthaiate as the }xffaﬁt@

.j3% OV 17 at 125"0 on Gas-Chrom 0 80 100 mesh Naphthaiene was usedfes 5:?5;*°}i :




s

‘}'1nterna1 standard for phensux1m1de

GLC appeared to offer the best chance of finding a satisfactory T

‘”“'iethosuximide methsuximide and phensux1m1de, _
” Accordinqu this was chosen as the method o .

‘:f<td\befqggq;ih'ik ﬁfich follow., -ﬂ




o CHAPTER IIF,

AIMS AND OBJECTIVES OF THE INVESTIGATION = .
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The objectives of the studies conducted in the present 1nvesti-.

gation were set as fo]iows

'v 1, To examine existing GLC methods for estimating ethosuximide,
0 &

a methsuximideoand phensuximide and to find or deve}op a method which

L administration to rats

wou]d estimate these drugs, in sma]l quantities of biood plasma, urine

: or. tissue homoqenates rapidly and reproducibiy

2 To 1nvestigate and compare the pharmacokinetic properties of

ethosuximide methsuximide and phensuximide foliowinq intravenous o

-

3, To ibok for ev1dence of dose dependency in the pharmacokinetics S

of ethosuxidee foiloWing intravenous administration of the drug to g.,”.~i

=2

9

-fﬁSg To appiy the phannacokinetic,findings in a study of the systematicv7-f5"

‘4; To study the mu]tipie dose kinetics of etthuximide fOilowing

orai administration of the drug to rats

L availability of ethosuximide in rats;‘foiiowing ora] administration of

A

the drug :jjﬁ~”rLH'J;-)f_f,ﬁ;;',j} miplfghf*tpj:”h' _
To examine the effect: of various pharmaceutie;l adJuvants on
the systematic avaiiabiiity of ethosux1mide in rat

adminnstration of the drug

ST To 1nvestigate the urinary excretion of ethosux’giide 1n rats R

% 2

"\'ft under conditions of contro]led urinary pH or. 1n the presence of

probeneCid

)

'y

s, fokwowing ora] 1jll;ff;?;f

O S
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EXPERIMENTAL METHODS AND RESULTS
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1. ANALYTICAL METHODOLORY

—

a. Gas—Liguid Chromatggraphic Procedure"} ~

A Perkin-Elmer® 990, or a Hewlett- Packard 5700 A, gas chromato- |
graph equipped wwth a duai fiame ionization detector, a strip chart
recorder and an_e]ectr 1ntegrator was used for-the anaiysis of
- the succinimides is study. Seven spira] giass coiumns (4 ft. x:

: 6 mm. 0.D. ), each w1th a different 1iquid stationary phase were pre— i~
pared u51ng thromosorb w(Aw-DMCS) 80 100 mesh as the solid support ~
The iiquid stationary phases used were: XE-60 (Nitriie Silicone Gum)
2.5%, XE-60 5%, OV-1 (High Purity Nonpoiar Diméthyl Silicone pun) # B
OV 17 (Hiqh Purity Poiar Phenyi Methyl Siiicone) 3% OV 25 (High . |
I'Purity Polar Phenyl Methyi Silicone) 3%, 0V-210 (High Purity Poiar :
\ Trif]uoropropyi Siiicone) and 3% ov- 225 (High Purity Highiy Po]ar, -
Cyanopropyl Pheny1 Siiicone) The coiumns were conditioned at 250 C
for 24 hours prior to uSe in the anaiy51s HeTium was used as carrier
qas 1n all cases . One microiiter (mci) of a solution (1 mg/m]) of a L
s}particuiar drug, dissoived 1n chioroform containing a suitabie interna]
'}standard was 1n3ected 1nto the gas chromatograph using a 10 mel syringe
.7The settings for, co]umn temperature detector temperature inJection

- port temperature, hydrogen and air pressure and heiium fiow rate were Lg';

N"-varied for each 1njection The resuiting peaks due to drug and in- o

a

terna] standard were examined w1th respect to retentidﬂ time peak

w1dth peak height, symmetry of the peak degree of taiiing, and the 1', ‘

b Perkin-Eimer, Norwa]k Conneéticut. - :,.'f::«? f,;;:h";"'
.Hewlett-Packard, San Diego California. S ' e
Dinfortronics CSR-208 Coiumbia Scientific Industries Texas.; s



| 7,resuits were obtained w1th OV-] OV 17 and OV 25 OV 210 gave better .}

40

position of the peaks reiative to the soiuent peak.. (Two consecutive
| peaks were considered resolved- when the ratio (T2 - T )/(w - w,) was
: greater than 1; where T2 and T1 represent the retention times of the drug, i
and the internai standard, and w2 and w] are the respective peak widths at
..the base. ) The coTumn and the conditions which resu]ted in the best h
.peak resoiution giving symmetricai narrow peaks with maximai peak .
- height were selected for the routine anaiysis of the succinimides in
the blood, urine, and tissue homoqenates. | o |
| It was. soon apparent that XE 60 was not a suitabie iiquid phase.i
lg Peak resoiution was poor, con51derab1e‘ta111ng occurred and ‘the peaks,'

for the “drugs emerged on. _the soivent front Essentialiy simi]ar

_.resuits but ‘the best coiumn was 3% ov- 225, This gave good resoiution¥
. of ethosuximide, methsux1mide and phensuximide It was found empiri-i
tcaiiy that biphenyi was ‘a good internai standard for ethosuximide and'."
‘that meth3ux1mide and phensuximide were exceiient 1nterna1 standards Res
for each other The conditions for analysis were optimised for each

drug These are: sunmarized 1n Tab]e I

"b aﬁEthoquimide

l

The eff1c1ency of éhe co]umn was f0und to be best at a Tinear fnﬁ,-’
carrier qas veiocity of 40 mi/min The maximai number of theoretica]»;rggggi'

,'piates, found at thiS gas veioc1ty, was 1555 with a corresponding

| -'height equivaient to one theoreticai piate of 0 1364 (HETP) N, the L

- C T
gnumber of theoretical pTates and HETP were caTcuiated from equations *iﬁ S



A TABLE 1

: The optimal cond1t1ons for the gas chromatographic ana1ysis of succini-; N

. mides in chloroform extracts of b]ood ur1ne and tissue homogenates

. ‘ |

ConditionsL -:

Perkin-Elmer

990

P

" Hewlett-Packard.

TR

Colum

Solid.Support

Staionary phase .

Hé]iUm7fTow-rate'

. Air 1n]et pressure o

_Hydrogen 1n1et |

;~pressure

E LOVen Temperature

Injection porta

temperature RN

..Chart,Speed

:'*_Retentiohftfmef_"'

~

Ethosuximjde

.- ’Retention time

Biphenyl. . -

" Retention time . - .
o Methsux1m1de RIS

S fRetent1on tlmeﬂ
-.,Phensux1m1de f_

T Detector temperatureai'rh:'

‘glass’
_Chromgsorb. W

mesh

3% ov- 225 f,.a.t»s*

37 m]/min

4 ft x 6.mn 0.D.

'(AW-DMCS) 80- ]oof |

2 psig -

|28 psig

~ 1sotc

- 200‘?ic"’

200°C
". 0 5 1n/m1n
' 5 6 min

: .J3;8 m¥h5“~f;,§}’§5f'

3 Tmin

P

"Fhﬂxsmoo

‘ qTass

Chromosorb w

o (w-DHCS) 80- 1oo' :

mesh
3% 0V-225
40 ml/min

o,'

| 60 13 psig S

- <200°,._,<';“-- L
4 2oo C
o 25 in/m1n

':}‘? 5. 6 m1n
“";j3;8*m{h f

;_:.1,5;._’5;;,,,5,;5 e

o aFor the ana1ysws of methsuximide and phensuxinﬁde al] the con— _Qllij,Tfﬂf:

and 1nject1on port temperature were ra1sed by 50°C

d1t1ons were s1m11ar except the oven temperature detector temperature ';iﬁca;ﬁvfh

sty



“..af;Brockv111e 0ntar1o R

‘,..42.

- 16 ""y’z B N
HETP L/N' . . .  I ' . -._ . (33)

where N was - number of theoretical plates‘\k was the dfstance from the

point of 1njection to the center of the peak on the trace, y was the .'

kpeak width at ‘the. base, and L was the length of the colunn A typical .f

chromatogram 1s shown in F1gure 4

- i) Ca11brat1on Curve for Ethosuximide in Ch]oroform |
o Standard so]ut1ons of ethosuximide in chloroform 1n the range
"5 100 mcg/ml were prepared One ml of each respective standard solution

'.;-was pipetted 1nto 3 15 m] conica1 g]ass centrifuge tube containing

: 20 meg. of b1pheny1 1n 50 mc1 of ch]oroform as 1nterna1 standard. '>h_f_'{‘f"{.“

‘ i.f :sides of the tube were washed down carefu]]y w1th about 5 m1 of fresh

ch]oroform and the contents we11 mixed The ch?oroform was then evapor-.~» ;:1

':vated on-a water bath at 65 C to about 100 mcl volume.v One to 5 mc1
:;5‘samp1es of the concentrate were 1njected 1nto the column of the gas
'chhromatOgraph ma1nta1ned at- the spec1fied conditions 1n Figure 4.
n:;The peak areas for b1pheny1 and ethosuxtmide were determined by the
: ”'fielectroﬁic 1ntegrator The attenuator setting of the gas chromatograph

~f;gwas f1xed at i' x 1 and the 1ntegrator attenuator sett1ng was varied

'.“:”fto keep the detector response within the recorder paper Each deter- ;’#.

"f’fim1nat1on was made in trip11cate A ca]ibration curve was then con-h7f""”:

']» structed by p1ott1ng the ratio of peak area of the ethosuximide to the

o *;7peak area of bipheny] against the known amounts of ethosuximide 1n the ‘idfffl

"To_chlorofonm so1ution The data obtained for the calibrat1on curve of

K Zaront1nR, Lot C427606 Park Davis and company, Ltd



'-ng;}ethoquTdee with- prhenyl as . interna1 standard Instrument
].{ Peran~E1mer 990 Gas CHromatograph PRRERSS L

PE-990

He -37ml/mm FLOW |

| © Hy-241b PRESSURE .~

1.~ Ar-401bpRESSURE ~ ‘o";"

| . JNJECTOR TEMPERATURE 2oo-c .
COLUMN OVEN TEMPERATURE 150‘

~ MANIFOLD AND F.1.D. R

_.DETECTOR TEMPERATURE 200°c

o | CHART SPEED : 05"/an KR

x10 %64

| B ” 49 g ETHOSUXIMIDE -~

2 3 8 ‘ '5 6 ‘ VITiT‘TTE‘af'.lTer iTll.;jeEt:'Lon‘ (nTin)
G L C ASSAY FOR ETHOSUXIMIDE

Figure 4, TYP’Cal Chromatoqram of a plasma extract containing%t‘"'““
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T

ethosuximide in chloroform for each gas chromatograph are presented

| z‘in Table IIand Tab]e 111, Figure 5 and Figure 6 iiiustrate the iinear
'frelationship between the peak area ratio‘of ethosuximide and biphenyl
. and amounts of ethosuximide obtained on each instrument Caiibration
:5curves prepared at later times did not show any significant change in

'ff”the siope of the caiibration iine o . RS |

R :
EREE VA S
BT
.

S e .172{5"' S
| Data for the caiibration curve for ethosuximide in chloroform

Instrument Perkin-Eimer 990 Gas Chromatographfa:? ,fjgf'{ff‘7f5{!;v?15

EthOSUximide f~ Zf‘ Bl j“'[f-f.[:.‘a,;v SRS
(mcg) Sl ﬁfj;;fy;;‘}j:'Peak.AreaaRatiog‘:p;f]2i~<

5 0 iix;ﬁfff%fiﬁ_hffifim"4 ‘0. 119 ;tro oozfﬁff]ffv%gf”f"#'i'°’
o, oe”:ﬁf]ffffff;'ﬂffxf;fi R 0. 24211 0. ozzfjfff” e

3” -ef?réoﬁd{;;;a?';;rﬁif ;{i:;;.tegksé;i’;jéérx#?go lsgﬁiiigffif;;f;;ﬁ;{t%:i”
: *IiSb;dfftf5*”3‘ﬁffff=*'fffolﬁfhlf:f4;569ﬁri ;0 16913573?Iﬂfff’»‘5°"

3

.j".— +
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MRLE T
lData for the ca]ibrat1on curve for ethosuximide 1n ch]oroform

Instrumeht Hew1ett Packard 5700 A Gas Chromatograph

y EthoSuximide R TR T AL
(meg) -~ .. e ~Peak'Area Ratio” -

R R *fQQbIT”G:';O'oof,{"¥ :
oo \:i?‘f;;]h'?;-ﬁoibéz;' oo -

R X B f»:ﬁf,‘“f7”rlﬂ7lo 294f.'?fo 02911 o
. o‘;so}o;e: ”f;fif*,g“,t_hf;,77jlf%jf41 834}; a:o oss";u7_7h

B R

M

W

T

L

'_‘”,"’"“

. -

Ty

o Mean of three determinations with standard deviation S]ope = o 0327 ‘tgg,
'*1”:1ntercept = 0.0 0316 CorreIation Coefficient - 0. 9962 i R

Hav1ng shown that 1t was possible to estimate the drug 1n chloroform.

t the next step was to attempt to estimate the drug in b]ood plasma, urine

e .f;]or t1ssue homogenates SoIvent extraction was used successfully 1" ;fftf~f' ;h

ﬂf{;ﬂ**this work
‘“’;{(11) GeneraT Extraction Procedure ff-;;i*f;}lffef:{5?;?5;q;}¢;3;;;§;%flif':””

":;One ml of urine or 50 mc1 of blOod or 50 mc1 of tissue homogenat 51n

”'f;ft':saline was p1petted 1nto a 15 ml conical glass stoppered centrifuge tube,

/..

Extraction of ethosuximide from blood. urine or tissue homogenates. f

Oxford LabOratories Micro Pipett Fostercity, Ca]ifornias.ﬁ;ﬂ?fs



”_ Instrument Perk1n E]mer 990 Gas Chromatograph
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| ETHOS uxwune (mcg )

F1qure 5 GLC ca11brat1on curve fbr ethosux1mide 1n chloroform.5, ff&f,v
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PEAK AREA RATIO

ETHQSUXIM!DE (mcg)
F1gure 6 GLC ca11brat1on curve. for ethosuxim:de 1n chloroform :ff§;; 5“ﬁ*;

Instrument Hew]ett Packard 5700 A Gas Chromatograph
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"ﬁ‘fcond1t1ons 1n (1) above

: SN
. :conta1n1nq 20 ‘mcg of bfpheny] 1n 50 ch of chToroform a;\fnternaT »: R
‘standard The contents\of the tube were ac1d1f1ed w1th 1 mT of 1 N HC1 T
and 10 mT of chToroform was added The tube was tight]y stoppered 5
‘} cTamped in pTace in a box and’ shaken on a mechanical shaker for 20 |
.i:rm1nutes The tube was then centr1fuqed 1n an Adams Dynack centrifuge g:
“;modeT CT- 1300a at speed sett1ng of 90 for 20 m1nutes The chloroform . "‘,ict
‘ Tayer was: w1thdrawn u51n9 a pasteur p1pette and transferred to a c1ean';}g'l :
.Icon1ca1 centr1fuge tube and evaporated to a voTume of approx1mate1y |
"100 ch on a water bath ma1nta1ned at 659C One to 5 ch of concen- ﬁ,‘]“; s
- trated chToroform extract was - then chromatographed under the spec1f1ed B
The: absoTute recovery of ethosux1m1de from bTood ur1ne or tissue S
_homogenates was determlned by extracting in tripTicate a known amount vi:i
-‘of each drug from 'bTank' bTood urine or tissue homogenate sampTes |
"_.us1ng the procedure descr1bed above The amount recovered was compared;?ff;ffléia
'if5W1th the amount found 1n a chloroform soTution of each drug containing f;fi;t!? h
"1the same amount of drug, us1ng the same procedure, at the same time.-; o
| The extractxon procedure emp]oyed was very effic1ent The absoTute
“:f_recovery of ethoqu1m1de from bTood was found to be 98 100% The re-. flyfj"?a:f
icovery from 'bTank' rat ur1ne was 96 103% The recovery from the tjssue \“:y_j¥7

.fhomoqenates or feces was 95 TO]% The percent recovery of ethosuximldé” lia{"”

xi-iafiifrom rat bTood ur1ne or t1ssue homogenates is preseated 1n Tab]es IV .*f]?f?;:

:'Th?¥V VI respect1ve1y

" %Clay Adams,, Becton, Dickerson and Company, Parsippany, New-Jersey. =

ST : LT R L R TIRLY Loowl
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R j' TABLE IV

an Recovery of ethosux1m1de from b]ank b1ood of rat

| “-Ethosuximide.r ' Recovered - Recovery®
(meg) (mcg) o (%)

R I (X S ;99.65 350
Gt w0 mes 99!63_¢_3470-
A | h'sb'ol', . 8052 ,10@.65 +3.95

w00 _99{95 o B .25

Mean of three determ1nations w1th standard dev1ation

R Vf;ffrj"ﬁvf‘,r*fexjfe TABLE v

o Recovery of ethosuximwde from blank ur1ne

‘ff,“farf'Ethosux1m1de f5; fffr-ﬁRecovered‘”ﬁf:f? i;gfk4Reedberjasi¢};~ ;

.I+- e

20, o_fﬁffg;‘"sfﬂbk;ffa 20.52 ,;11{;,;;.;;;.iog;sa

I+

| : -40.0{~f«‘{ff-rf:f17{f;39g7563ifr"ftff‘fﬁ,‘ggrsé 3.3

0000 ff;f«iip1;25;*ff""j~1f_101 25 + 3 3

:'1«_faMean 6f.tﬁreé'deﬁerminafidhsfwﬁthhstahderdjdéviﬁfibhz;x Q




o Brain 0 10,0

Cdater 1000

Norma] urwne and b1ood was co]]ected from rats which had never re-,p_p,;fxﬁhj”“

TABtE VI

Recovery of 10 mcg ethosux1m1de added to lg/ml of various

t1ssue homogenates or feces or 1 ml of water

Tissue: o
- samples

' EthOSUX1mide

per ml of

‘hormogenate (mcg) .

~ Recovered

(mcg)

Recovery,a
(%)

- Liver
‘Lung
‘Kidney.

",Heart'7:

Muscle

Fath}_ﬁ

10.0
10,0

0.0 . -

-10.0
10,0 ;.

10,0

9,74

9.56 -
8.8

9.8
R TE

©10.09
g Q;ésltn-‘
964

;.95;60

97.40 3, 1 -

4+

_3,8

[

9852 £ 3.7 .

96 4]

: I+<

32, "

.'FeceS';v ST 1000 .

9.9 ¢ 9955 €320
10;08«L]r‘2'100 80

| '__1ogjov_7fﬁ 100 00

3'7""

-:+

- 3 5. s

“?Mean,ofifivefrep11cates“w1thvstandardudeyiation,'j[l"

JCalibrattOn Curwesnfor*EthosuximtdejinVUrinedandeiood':if

ce1ved any drug Standard so1ut1ons of ethosux1m1de were prepared to 1

- ;”conta1n 5 ]00 mcg of drug 1n 1 m] of urine or 50 mcl of b1ood p1asma

‘,One m] of ur1ne s;andard so1ut1on or 50 mc] of blood standard squt1on,dﬂ}’f}fa<"

et to 5 mc] of the concentrated ch10roform extract was chromatographed ’{s;* o

“’i;:v1n the manner descr1bed ear]xer

:7,1ffdrug and 1nterna1 standard was p1otted aga1ns¢ the known amounts of '

.‘f_was extracted accord1ng to the extract1on procedure for each 3rug and

The peak area ratio of respect1ve

vvvvvv



- _ia(v) Prec1s1on of the Assay

respective'drug in blood or Urine sampTe .‘Each determinat1on was ‘made

in triplicate. A sTlght d1fference between the sTopes of the: caT1-_
bration 11nes of ethosux1m1de in ur1ne *and bTood was noticed as: )

~;11]ustrated 1n«F1gure 7. | |

These calibration curves were repeated every 3 months but they re-

mained stabTe dur1ng the perlod of th1s study

o

~{iv) Reproduc1b111ty of the Extract1on Procedure. '
The reproduc1b111ty of the extract1on procedure from bTood ur1ne,

-;or t1ssue homoqenates was conf1rmed by extract1nq 10. ur1ne bTood or -

‘tissue homogenate samp]es each containing 10 mcg/m] of ethosuxim1de e

;along w1th the 1nterna] standard and anaTyzing for the drug

The measure of the reproduc1b111ty of the extract1on procedure in

‘t-terms of the standard dev1ation of ten anaTyses of 100d‘hur1ne or
‘tissue sampTes each conta1n1ng TO mcq per mT or perQE
20% - R

e

The prec1s1on of the estlmatlon procedure was determ1ned by g1v1ngjf B

&

TO succe551ve 1nJect1ons of drug soTut1on 1n ch]oroform together w1th

'-.the 1nterna1 standard from the same soTutIOn dur1ng a 2 hour per1od

| ‘.?The amounts of drug caTcuTated from each 1n3ect1on were squected to :;iui':l

"shstat1st1ca1 analys1s and the precis1on was expressed as the coeff1cient

T:of var1at1on of the meag The prec1s1on of the method expressed as the

ram of t1ssue was‘"‘l

51

9;coeff1c1ent of var1at1on of the mean of 10 consecut1ve determinat1ons, r;?-,i‘"

":w-bwas found to be 2 02% t?fif!if 54'?«a_a*‘
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' F1gure 7. GLC ca11bratﬂon curve for ethosux1m1de in ur1ne (U)
,and blood (B). ‘observed peak. area ratio ethosuximide: blphenyl
Jn blank blood, YU observed peakarea.ratio-ethosuximide: biphenyl
- in blank. urine, .Rg" corre1at1on coefficient for.ethosuximide . assay
Yin blood extract, R corre]at1on coeff1cient for: ethosux1m1de in-

urine extract..

u o n
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~at room temperature for 24 hours

N biphenyl from b]ood and urine extracts

T"(i) Ca]1brat1on Curve for Methsux1m1de bn ChToroform

(vi) DeterioratiOn of Samples.

“In order to determ1ne any deter1oration of the drug pr1or to

‘ extract1on after coTTect1on of samp]es, samples were kept at room

temperature for 24 hours or refrigerated at 4°Cvfor two weeks and

ana]yzed at suitable 1ntervals. o "& -
No deter1orat1on of ethosux1m1de in bTood ur1ne or t1ssue homo-

. qenates occurred when stored in a refr1gerator at 4°c for two weeks or

o

(vii) .Interfering Peaks

~ No 1nterfer1ng peaks were found in the b]ank extracts of b]ood or o

~urine. F1qure 8 shows the good peak resoTution of ethosux1m1-é'.

c. Methsuxinide.

The procedures and apparatus used have been listed in’ Table I

;f'and descr1bed under b. Ethosux1m1de "' ““fd.“' ";'_‘ _,c.'_',f

The procedure was the same as. described above except methsux1mide

:~was subst1tuted for ethosux1m1de The 1nterna1 stagdard used was 20 mcq

€

53

S of phensux1m1de ~in 50 ch of ch]oroform and the peak area rat1o plotted R

TP aCeTontmR, Lot C427835 Park Dav1s and Company, Ltd Brockvi]]e, e
'1_0ntar1o A . B o o
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'DETECTOR RESPONSE

S ;2- A4‘ 68 o ,,4,4‘ e

TIME (mlnures)

F1gure 8A Typwca] chromatogram of urine extract’ (ETU) and b]ood, o

extract (ETB) for ethosuximide.  S°= Solvent {Chloroform) peak,
~ BP = Biphenyl. the internal standard, and ET = Ethosuximide. -
Instrument: Hewlett-Packard 5700 A Gas Chromatoqraph Mark1nqs
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~at the base of peak shows start or an end of the 1ntegration. _5,{v.5 R



o

was that due to methsux1m1de/phensux1m1de agalnst known amounts of
methsux1m1de The data for the: ca]ibration curve of methsux1m1de
in chloroform are presented in Tab]e VII F1gure 9 dep1cts the
’11near re]at1onsh1p between the peak area ratio of methsuximide to ;, o

Q phensux1m1de and’ amounts of methsux1m1de

o TABLE VI e
Data for the calibration curve of methsux1m1de in chloroform

‘ Instrument Hew1ett Packard 5700 A Gas . Chromatograph

Methsuximide =~ ol Peak »A'rea_?'Ratfoa. o
Comeg)
50 oxssdon
S0 omsaoos
0 | 7'-;; 1.614°+ 0022
soorh. NI ';Ax4~33&isoxmzfj‘
o o h‘fas 0550325 . N
,290;0,1‘»1_f'7 e R [ 410 £ o,sjgﬂ_ifpapdt“:jl;l“»="

Mean of three determ1nat1ons w1th standard deviation S]ope : 0. 0523
, Intercept o 0866 Corre1at1on Coeff1c1ent o 9978 |

| (i1) Extract1on Procedure ﬁ' fl”f *3{ J;*.';:'Q;‘:I_:g f}ft“ }..:gff":
| Th1s has been descr1bed under b Ethosuxim1de above The procedure
-‘];used for b1ood or urlne was s1m11ar except that 20 mcg of phensux1mide

"1n 50 mcl of chloroform was used as 1nterna1 standard The abso1ute re—

3 C°Very of methsux1m1de from b]ank urine samples of rat was 101 106% as S
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'PEAK AREA RATIO -

-‘io*' 2040 60 . 80 1oo 120;'};, SR

METHSUXIMJDE (mcg)

N F1gure 9 GLC cahbratmn curve for methsuxnmde 1n chloroform i Vo
Ins_t_rument Hew'lett Packard 5700 A Gas Chromatoqraph A T A



\‘ . . R o . .
'}shown in Tab]e VIII The recovery of methsux1m1de from rat bIood

~'was 93- 107% as shown in TabIe IX

. TABLE VIII |
,Recovery‘of_meﬁhﬁuxfmjdg“frdm[bIank'qrine.
Méthsuximide™ . Recovered L Recovery
(meg) T (meg) o (%)

B N A - I’f:-f"los ezo £6.5
1000 0886 ,,*i'j'los 560 + 6.5 ﬂ_1°"» |
SOk Ao 0nise4s oL

saMeéh,ofrthree deterﬁinaiioﬁe_Wftﬁuetaﬁaorﬂ?devietjdﬁ:;- i

T .
AR o

TABLE IX

Recovery of methsux1m1de from bIank bIood

'!Methsux1m1de _'5;._ Recovered ycif“{,»Recovery-,fi‘TT"“
: (mcq) :;‘ | ‘f ST (ng)ﬁ:f vy_}u  €? T»}-(%}V""' .

"FIJM

5 2

1 0. Ay i,‘9;929j77"f.Y R 92.98

: |+f 7

0. 0 *'“"

.1+

o080 07 08

3 5

- f:c+» .

Lo ez o 2

- Mean_.of threeldeferminétiohswathl;ténderd,dev1§£I0ﬁi’ffn7y“
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’(111) Ca11brat1on Curve for Methsux1m1de in B]ood
The method descr1bed under b, Ethosux1m1de (111) was used

Phensux1m1de was used as 1nterna1 standard

| (i ) Reproduc1b111ty of the Extraction Procedure

Th1s was found to be s1m11ar to ethosux1V1de

i (V)' Precas1on of the Assay H

Th1s was determ1ned as descr1bed prev1ous1y under ethosux1m1de ,;f?
The prec1s1on of the assay was s1m11ar to the ethosuxqm1de assay -
.a(v1)' Deter1orat1on of Samp1es R
Th1s was not stud1ed Samples were stored at 4 C unt11 assayed;;;f fsf;‘fﬁf'

. The storage 1nterva1 was kept to a m1n1mum

;(v11): Interfer1ng Peaks

n_.

No 1nterfer1ng peaks were found in b1ank extracts of b]ood __AVJL_“T77i'

H‘ffh(F1qure 10)



0r

M

TIME (mmutes )

S F1gure 10 Typmcai chromatogram of urlne extract (UM) and b]ood

‘ extract (BM) for methsuximide -and phensuximide.
~form) peak, M = Methsuximide, P = o
Instrumgnt Hew]ett Packard 5700 A Gas Chromatoqraph

Phensuximide.-

= Solvent (Ch]oro- : j».f?}Q

59



do Phensuximide

The procedures and apparatus used have been Tisted in Tab1e I g.. |

-

and described under ‘b, Ethosuxim1de

(i ) Ca11brat1on Curve for Phensux1mide in. Ch]oroform

The procedure was the same as descr1bed above except phensux1m1de
was subst1tuted for ethosux1mide. The 1nterna1 standard was 20 mcg.of:
methsux1m1de in 50 mc] of chToroform The peak area rat1o phensuximide/;V'dk_
methsux1m1de was p]otted aqa1nst known amounts of phensux1m1de. The data’N\'fng7

for the caltbrat1on curve of phenSux1m1de in chToroform are presented

'5*'_ 1n TabTe X émgure 1 111ustrates the Tinear reTat1onsh1p between the

peak area ratdo of phensux1m1de to methsux1m1de and amounts of phen~ _’;L‘“ |
sux1m1de . N o | | |
TABLE X ;'Tffi* .?fg'}ff‘;'f{l_#_-.'
Data for the ca11baration curve of phensux1m1de in ch]oroform :ft;ﬁthf“'“

Instrument Hew]ett Packard 5700 A Gas Chromatograph

Phensux1m1de Tﬂff“;;wfaefbu;f‘fsfPeak Area Ratio Y,.; A;:ﬂf:‘shriv.ﬁ
e (mcg) L RN

l+fﬂ'f

"o

--w or: R Coaszromz

+

30 ofg?»1ff‘é;fj_k”f; fog'?.v'wgg 1.367 = o:oisfﬁﬂﬂiflﬁlil‘&':'

;ﬂ+

“100, of,‘ SRR 3;iiﬁ¥‘]ﬂi”-4 532 i 0. 032'F,57g}ff‘nf5’;fp_ .
200, O;f’°ff3j? e L 79 103 + 0. 103,]'<5 AL

/...-

aMean of three determinations w1th standard deviation STope = 0 0455
Intercept 0 0042 Corre]at1on Coeff1c1ent 0 9999 o .

“

. \_'s ’

M1Tont1nR, Lot C42764 Park Dav1s and Company, Ltd,,ﬁgfbékg}ljé;f_ffrg'afité
0ntar10 v D : G et
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PHENSUXIMIDE (mcg)

F1qure H GLC cahbratwn curve for phenSux1m1de m chloroform
Instrument Hew]ett Packard 5700\‘Gas Chromatoqraph R
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' ‘(11) Extract1on Procedure

| ) 62. .

"~ Th1s has been descr1bed under b. Ethosux1mide (11) above .Thef

1'procedure d1ffered on]y 1n the use of 20 mcg of methsux1m1de in 50 mcI

‘chloroform as 1nterna1 standard

T The abso]ute recovery of phensux1m1de from rat b]ood was found to L

be between 91<100% The recovery of phensux1m1de from rat 'blank' .

~urine was 85~ 100%. Tab]es XI ‘and XII 11st the percentage recovery of A

}phensux1m1de from. b100d and urine respect1ve1y

TABLE XI

Recovery of phensux1m1de from blank b?ood

o PhenSUximIdef yf" _f“‘ Recovered o

Recovery

(%)

1. o :.:‘;f[”[' {'0‘911g¥f-f o
10,0 ;f(sf: EROINE
100 o ' f[f !»f 100 5992‘4

e

- 9] 07
960
'7».ffji 100 89

‘-_|+ ‘i'-|+ :

- .'_H.._

;’7;;;_; e

. Mean of three determ1nat1ons w1th standard dev1at10n(lir;{,_‘a.;fv., T

R

TABLE XII

Recovery of phensux1m1de from blank ur1ne f;;;fﬁgf;“,;;f;""7‘

<1f~;fPhensux1m1de AIIRSA‘ Recovered
L (mca) EaRE S (mcg) B

Recovery

(%)

1 o _ﬂf!=v°"*' 0'846_;"f
o 10 0 fm:i"y, 9 3301ﬁ”;hh?}';:
'L 1oo o.j7[IIIZ‘ 100 283;7If”

-z;€_84.2§y;
"193‘36'

IOO 28

: |+‘-

__:447' ‘<

+

11§é47€*ffffe;;°f?3f39
“"f.ié"-’s- R

If-*jaMean of three determinations with standard devtation;.frilfﬁfﬁ‘;T"'

e ;::'_ AU



' v;h'Methsux1m1de was used as 1nterna1 standard

"nh5“blood urine or;

Tiﬁ*rywere 1dentica] to 1iterature spectra (L°C°°k and C°”tts ]970)

I

C(441) Ca11brat1on Curve For Phensux1m1de in B]ood

'The method described under b Ethosux1m1de (iil) was used

_ .
-(1v) Reproduc1b111ty of the Extract1on Procedure B
| Th1s was found to be s1mi]ar to ethosux1mide
, »,&:: o :
.e(v)v Prec151on of the Assay '
| Determ1ned as descr1bed prev1ous1y under ethosuxim1de. The _‘i:-ﬁ

”'prec1s1on of the assay was s1mi1ar to the ethosux1mide assay
: v ( ) Deteriorat1on of Samples | o o |
Th1s was not stud1ed Samp]es were stored at 4°C unt11 assayedt

The stOrage 1nterva1 Was kept to a min1mum

- (v11) Interfer1ng Peaks1 %;;'hh?;i, uéi, f;tgf'f7:7l-“

. 63

No 1nterfer1ng peaks were found 1n blank extracts of b]ood ’hf7tf“ﬁ :

4l -". .

hzl‘i(F1qure 10).

\.

@@’@

’Ai*eiu Conf1rmat1on of the Identity of the Peaks

- e

-fssue homogenates at the retention times of 5 5 m1n

lni«trometry as unchanged ethosuximide méthsux1m1de and phensuximide respec-~ L

’t71;;it1ve1y F1gure 12 shows authentic mass spectra of the three druqs, WhiCh

. \”," :

The GLC peaks obta1ned from the 1nJection of chloroform extracts of HJff;;f

x (1500) and 3 7.m1n.and 5.5, m1n at 200 Cs were identif1ed by GLC/mass spec- 55}2" o

SR
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. \ . . "
2. PROTEIN BINDING STUDY

Ceet . : -. . . . \

R The equ1h1br1um dialysis apparatus for study of prote1n bind1ng was |

© set up in the usua1 ‘manner (Pate1 and Foss, 1965) The two chambers of
“the p]ex1glass d1a1ys1s ce11s were separated by a washed seam1ess

, ceHu]osea membrane 10 ml of 4% bd&ine serum a]?uminb-fraction v (BSA)

in- Krebs so]ut1on, adJusted to pH 7 4 was added to one .chamber. 10 m} -

~ of Krebs so]ut1on‘(pH 7.4) conta1n1ng 20.0, 200. 0 or TOOO 0. mcg of e} |

ethoqufmide was added'to the other:chamber Three d1a1ys1s ce11s were ..

lused for each concentrat1on of ethosux1m1de stud1ed and three d1a1ys1s
'te11s w1th BSA served as contro]s The ce11s were then ag1tated on a
‘shaker bath at 37 C unt11 equ111br1um was estab11shedﬁ$ this took

approx1mate1y 20 hours “ The concentrat1on of ethosux1m1de 1n the two

N chambers of the test ce]]s was. determ1ned at the ena ;f the equ111brat1on J “v-”“

- time us1n 100 mc1 samp]es assayedvas des 1bed prev1 us]y The proteln .
} 9

b1nd1ng of ethosux1m1de was found to be neg]1g1b1e "Table XIII shows
- the ooncentrat1on of ethosux1mide in the two chambe S of d1a1ys1s cell

.after 20 hours equ111brat10n at 37°C

6

F1sher Sc1ent1f1c Co Ltd Plttsburgh Pa

Armour Pharmaceut1ca1 Co s Ch1cago, I]] ‘ ~'yf - rf_é_'f5e,ef;'f,h’

@

Ay
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- TABLE XIIT

Ethosux1m1de concentrat1on in chamber A and B of d1a1ys1s ce11 after
24 hours equ111br1um time. at 37°C ’ .

2 .

Initial ConCentration,, Ethosuximide €Concenp” Ethosuximideitpncen;c
- of Ethosuximide in ‘tration in Chamber A . ‘tration in Chamber B™
* Chamber A (mcg/ml)  at Equi]ibrium‘(mcg/m])‘, at Equilibrium (mcg/m1)

0.32 9. 85

[

20.0 - ©8.99 0.45

f .
2000, 10125+ 350 . 9 95 £ 2.9
1000.0 o MBS 050 ,501.15 £10.2. .

A

_.a Mean of three rep]icates{ : :
_ b 1 x 10‘4 M (4%) Pratein solution (10 m1) BSA. a
€10 m of pH 7.3 Buffer ' ‘ ' 3

66



.3. DRUG DISTRIBUTION BETWEEN PLASMA AND RED BLOOD CELLS
T B S o .
This study was undertaken to find out if it would be satisfactory
to‘use whole blood sampTes instead'of.nlasma samples to_measure piasma-

levels of ethosux1m1de o \'_

Four healthy Wistar rats were anesthetized w1th urethane (1 25 g/kg,

intraper1tonea11y). The femora] venn, femora1 artery and the trgchea

67-

~ were cannulated. . This proeedure is described in more detaiY later.. An ©

. intravenoud injection of ethosuximide solution containing 40 mg.of drug

in dextrose/saline'injection USP was administeredjthrough the femoral

vein.. 50 mc1 whole b]ogd samnles and'50 mc] plasma samples for ana1ysis.,

for ethosux1m1de and approx1nmte1y 100 mcl b]ood samp]es for hematocr1t
, determ1nat1on were co]]ected pr1or to and at var1ous t1me 1ntervals

| -after, adm1n1strat1on of the drug Samp]es/of b]ood for hematocr1t
'.determ1nat1on were col]ected 1n standard hematocr1t tubes centr1fuged

', the he1ghts of the separgted layers measured and the hematocrit deter--'

’ m1ned

No change in the hematocr1t was. found fo]]owing the 1ntraVenous

h1nject1on of ethosux1m1de to nats dur1ng the study period The rat1o of_f.i
| }the concentrat1on of ethosux1m1de in plasma and who]e b]dgd was 1 It ?;'

was conc]uded therefore that who]e b]ood samp]es gave a dlrect measure ;f<df

--of the amount of drug 1n p1asnn ’



4, BLOOD LEVEL STUDIES -

'a. Intravenous Dosing

Not less than_three4maletwistar rats:were used_1nfeachib1ood_1eue1-i
study ‘The rats were starved for'24‘hOUrs'prfor'to"the biood tevei -
study and anesthet1zed with an 1ntraper1tiona1 1n3ection of urethane

) :(] 25 g/kg) The femoral vein femoral artery and the trachea were
s'fcannu]ated us1ng Intrademic po1yethy1ene tubing PE 50 or PE-240
:'respectlve1y A b1ank b]ood samp]e (0 4 m]) was col]ected from femora]
?artery 1nto hepar1nlzed m1crosamp1e d1sposab e. centr1fuge-tubesb~at,‘~
~~zero t1me (JUSt pr1or to adm1n1strat1on of the dose) éoluttons of‘.
. _ ethosux1m1de methsux1m1de and phensuximide were preparg? separate]y
;.1n dextrose/sa11ne 1n3ect1on U?P ' The strength of the so]utions pre-
pared was as follows ethosuxﬁm1de 3 mu/m] 5 mg/m1 and 40 mg/ml

methsuxldee- 2. 8 mg/ml and phensux1m1de 4 2 mg/m] One m] of a |

3 so]ut1on of: ethosux1m1de or 2 m1 of a so]ut1on of methsuximide or phen- -

) sux1m1de was adm1n1stered 1nto the femora] ve1n of the rats throuqh ‘the
"_venous»cannula The cannu]a was f]ushed with phys1o1ogica1 sa11ne (0 9%)
:'f011ow1ng the dose B]ood samples (O 4.m1). were co11ected at various
time 1nterva1s fo]]ow1ng the dose from the femoral artery 1n a sim11ar |

O way to the way the blank b100d samp]e was CO11ected The contents of

o Aflthe tube were well mixed stoppered and centr1fugedC for 25 minutes at |

. 68

1fspeed sett1nq of 90 A 50 mc] samp1e of plasma was extractedrand anal-“:s” e

,yzed for free druq accordinq to the procedure described previoUSly

..

C]ay Adams Becton Dickson and Company, Pars1ppany, N. J
Dpe -Art Products, Pequannock N »
¥ CAdams Dynack Centr1fuge Mode1 CT-1300 S



An Oxford sampler ™ Micro Pipetting Systema with disposable tips was
. used for accurate and quafk measure1ng of plasma samp]es for ana1ysis

Fo11ow1ng the 1ntravenous ( ) 1nJection of ethosuximide to rats

- at dose Tevels of 40 g, 10-mg, 5 mg, and 3 mg, the blood level dec]inedzv'l

69

very rapidly w1thin 20 m1nutes and - thereafter the fal] in b100d 1eve1 waS"‘~

}very s]ow over a 12 hour period fol1ow1ng the 1n3ect1on Tab]e A- 1
| (Appendix A) presents the p1asma level” data for rats 1 -3 over the o

‘per1od of 12 hours at the 40 mg dose level. Tab]e A-2 and A-3 summarize

- the plasma 1eve1 daté for s1x rats over the- period of }20 minutes fo11ow- :

ing adm1n1strat1on of the 40 mg dose of ethosuximide to rats 4 -9,
: Tab]e A 4 llsts the plasma 1eve1 data fo1low1ng 10 mg I, V. dosegko rats
10~ 13 and the plasma 1eve1 data fo]1UW1ng adm1nistrat1on of 3 mg 4 V

. dose. of ethosux1m1de to rats 14 - 21are presented 1n Tab]e A- 5 Tab]e A 6 ‘ﬁ: L

| ,ishows the pTasma 1eve] data fo]low1nq 3 mg I V dose of ethosuximide to
‘frats 22 - 25 F1oure 13 shows typlcaT p1asma 1eve1/t1me profi]es for

‘; 'ethosux1m1de at four dose 1eve]s The zero time piasma concentrat1on of

- ethosux1m1de computed accord1nq to a two compartment open’. model," (dis- L

- cussed 1ater, See page 112, showed a: 11near re]at1onsh1p w1th dose, o S

1nd1cat1ng the absente of dose dependent k1net1cs for ethosuximide w{thin

:the dose range stud1ed F1gure 14 shows the ltnear re]ationship between j[f‘gu.fiﬂ

fthe zero t1me plasma concentrat1on and 1ntravenous dose\4 w1de 1nter- ;,:-"‘

-"subJect var1atrons 1n p]asma half 11fe of ethosuximide in rats foL$6w1ng .,p

-;_I V. dose was observed as shOWn 1n F1gure 15 however the p]asma ha]f

“ -’f_ 11fe of ethosux1m1de 1n rats genera]]y ranqed between 12 - 18 hours

PR o
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e
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" 0yford Laboratories, Fostercity, California.. =
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- _, PL ASMA CONC OF ETHOSUXIMIDE (mcg /ml ) - -4 o

U o#e

R TS At

e e

y“ Rat 10 (10 mg)

- Lo .' . R . . '.,‘ " .

T F1gure 13
' ‘fo1]ow1ng 1.V, administration at various dose levels
and Rat 22 (3 mg) |

2O 5 40
TIME (mmutes)

Plasma concentrat1on-time prof11e of ethosuxlmIde ;5=5*[.
,Rat 1 (40mg),ug~v-*'

Rat 14 (5 mg)
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'fFiQUfe“14 Zere time plasma concentration-as A function of f#f"g»f*f
dose for ethosuxmide following .1.V. ) administration. to rats. Each -
po1nt represents the ‘mean of data obtained from at. Ieast three 'fyﬁ-
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' Figure 5. Distribution




Plasma 1eve1 data fo]]owing 1ntravenous dose of methsuximide to rats

26 - 28arepresented 1n Table A 7 Tab1e A- 8 shows the p1asma level data

73

fo110w1ng 1ntravenous dose of phensuximide to rats 29\- 3], a re]ative]y f}‘ o

A fast dec11ne in the p]asma level of methsuximide and. phensux1m1de was -

| 'noticed A sem1109ar1thmic p]ot of the plasma concentration of ethosux1-]j“
. mide Eﬁqure 16) methsuximide (F1gure 17) and phensuxim1de (thure 18)

~ versus t1me showed a b1exponent1a1 decay of’ the drug plasma 1eve1 fo1-fh=jﬂ

B 1ow1ng an 1ntravenous dose, 1nd1cat1ng the need of a minumum of a two

“f'compartment pharmacok1net1c mode] for the ana]ys1s of the p]asma 1eve1

Some pharmacok1net1c rate constants and derived pharmacokinetic j’ffitlf"

"fparameters obta1ned from b]ood 1eve1 studies fol]owing the 1ntravenous

7~?'ddose of ethosux1m1de are summarized 1n Tab]e XIV Pharmacokinetic

Ad parameters obtarned from}1ntravenous dose of methsuximide and phensuxi-.a. S

“'_am1de are shown 1n Tab]e XV

b S1ng]e Oral Dosing

C ',‘A

Three ma]e w1star rats we1gh1ng between 300 - 400 g were starved for?f =

17f‘24 hours pr1or to the study One m’ of a so]ution of ethoSux1mide (40

"*fotmg/m}) was adm1n1stered orally to each rat by means of an oral«dos1ng

j]dneedle and a syr1nge Pr1or to and fo]]oW1ng the ora] dose of the druq,f;f;,‘;~

‘”;n'iand 30 m1nutes 3nd at 1 2 4 8 and 12 hours fol]owtnq the

g .

e 50 mcl b]ood samp]e was col]ected from ta11 ve1n usinq 50 mc1 heparinev'-j-f—:_:'_".v'._._.~,S:".'::”v}:j

"',7j1zed d?sposable pipettes The b1ood samp]es weré~col1ected”at:5 15 *:7*“?h}“;h.




"'~a‘as a function: of time. fo]low1n? 1ntra3bnous adm1nistrat1on of 40 mg.

' Lffﬂ“predlcted points. A = 130 mcg/m1 B = 98 8 mcg/m] o= 0. 0567/m1n,

o -
1

N
. o - )

100

O _

20 T4 0 s 100 120

TIME (mmutes) :::

F1gure 16 P1asma concentrat1on (mcq/ml) of ethosux1m1de (o)

;f_:f:l_ PLASMA CONC® OF ETHOSUXIMIDE (meg/mi}-

O —— T -

..solution dose. ' (Ratv- 3). (A) Fast phase residuals. - (o) Computer

’ B 0 00055/min,‘. S . _ 5
e T “ﬂf;;?ff}:;ﬁu~:.acaa



-5;+j. mcg/m1 0. 14

R

920

‘ F1qure 17 BloEd 1eve.:ti

iledf 1 pide followinq : “?bjff'fﬁ

’~37 {u). and (&), (o) Fast .
2.2. mcg/ml, B-=-4.98 30,28
0 00429 i 0 00099,m1n‘ e

1ntravenous dose of
d1snos1t1on phase re
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o o

(meg/ml)

BLOOD CONC. OF PHENSUXIMIDE =

o 2o ,, 40 ot oo so ’ oo 120 MO

F1 qure 18 B]ood 1eve1 twme profﬂe of phensuximide foﬂowinq

e 1ntravenous admmstratro’n' of 8.4.mg dose te rats, 29.(e), 30 (=) and

3T (L) {¥) Fast d1soos1t1on phase’ residials, A = 13.7 % 2, 8 meg/ml,
B=17.12 05 mcg/m'l o =.0. 131 £0.016 mfn-T, 8= 0. 00535 ~.000T. m1n ‘




77

TABLE X1V
' Pharmacok1net1c parameters of ethosux1mide accord1ng to a two: compartment
Open mode] fo]]owing 1ntravenous 1n3ect1on to w1star rats '

A Paramétersb_

Cpmegm 94a27 "21.31 s -»,.[is'odlg‘_ -
. 2 9.80 - . 830 1.10°
B mcg/ml o  ‘,]2J.03 . ms  wse o d s
ce mcg/m‘ 21530 :'4'59.27-:5' L3081 ,f.w;f,g1,9g_: L
. (A +8) SR e SR s B

: S SRR K ,2f26a“fa<ffgvm2 50
q‘liiihr’7 HE .?;. 0 '4] RSN s
L C 0014 L 0.0 L
LR *vlz;naf Coaar - 3ays oy

e Ktchr‘ o me0+ 353t 363: Eagpe
"QE:YT .', a“f;,f _'i' 2.32 ;EK{'-LtJ£3S-ﬁ;wﬂ~l SN B ISR e

g ; 40 mg Dose - - 10 mg Dose 5.mg'bose ’ 3"mggDosg
N = 6 ,' , N =4 - N=8 . N=4¢

r.
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Standard déviat1on L A e ‘
T bDeﬁmtwn of the symbols see Appendix B
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TABLE~XV o ‘. .
Pharmacok1net1c parameters of methsux1m1de ‘and phensuximide accord1nq

to two. tompartment open model, fo110w1ng 1ntravenous
‘ 1n3ect1on to W1star rats ’

. Parahetersb- | ‘_ ' Methsuximide L u'Phehsuximide
- : ct T NE3 - 'N=3-
o Dose = 5.6'mg_ - Dose 8 4 @gl

Aﬁmwm R TR 22& 13731284

8 mcg/ml o 498s0.28 17132080
mcg/m] (A + B) ; 21.69 : : [ - 8. _5»A-{‘a""‘__f=

a hr']i L B0 o 08 a,; 786163

T, 25750093 frér;:wio 321 + 0. 034"

ket T s s, 5 " 2.98.: 0.6

Cokeene! o 2230, 049 s ; 151

}Kté/ch SR | ‘io 427 h“;;_¥'t~ﬂ1 56

| o;zs{'zf‘f-_:io,qs4 : 0. 052 ‘4 e

' o 13 _;t,.flff;r;;i;

|~+‘ .
+ B

K e f o o

+
- SER

B/K:'.“ T 062 0;06"'.:;';;436;579
'Body we‘th R 651771 12,3 17,71'f’“57r9]'t 3~]2 °.1- LN
g SR LR ,-f'. L o ”;’ ‘ {; RS

Body'we1ght ,",168 8 27 3 Af‘,f“-  545 57 i ]5 5 SR
| ‘,VC/(vcgf;Vt) ,ﬂﬁ.]f”7'o 280 e ‘a"ff;o 593 . ! ‘;Q{;,;j;;j?;‘:
om0 e 7"’ i""f?’ﬁil % f ey

ST

,_,7_;r Standard dev1ation : = R B RN e
b Def1n1t1on of symbo]s see Appendix B ,f;;i'lé;j‘};f RRLANP TN



A semi-]ogarithmic plot of b1ood 1eve1—time“profile for etho-
suximide fo]]ow1ng ora1 adm1n1strat10n of 40 mq dose in so]ut1on to a )

.. rat- 1s shown 1n F1qure d9 The e11m1nation rate constant K was deter~}“
am1ned from the s]ope of the 11near portlon of the tail end of p]asma 'o
'1eve1 t1me curve The po1nts were chosen suff1c1ent1y beyond the t1me

during wh1ch absorpt1on or. d1str1but1on phenomena mlqht cause dev1ation

from 11near1ty The ascendlng portiom~of the curve was subjected to a .

"'feather1ng,technique _The slope ofﬂthe featheréﬁ 1ine gave the absonga cf'

n'tiOn“rate'constant'Ka The fraction of the dose absorbed FD/V was
obta1ned from-the. 1ntercept at the Y-axis by d1v1d1ng the 1ntercept
-va]ue by Ka and mu1t1p1y1ng the quotient by (Ka K) Symbo] A has
' been used 1n F1gure 19 to denote FD/V. Plasma 1eve1 data from rats

32 - 34 fo]low1ng an ora1 dose of ethosuximfde 1n so1utwon are presented

Q - -

" in Table: A 9. Graph1ca] estimation of area under the plasma Tevel time S ’tA

,'}curve is 111ustrated 1n Fiqure 20.'<The peak plasma 1eve1 was reachedﬁ

79

-‘dW1th1n three Hours: fo]]ow1ng the ora1 dose Best estimates of pharmacoQ'd.;flf»*:

a“_.z‘,

k1net1c rate constants and some der1ved pharmacok1net1c parameters L

according to a 'two compartment open mode1 analys1s of the plasma f[u':

'ﬁ_f1eve] data 1s presented 1n Tab]e XVI~7H ;E,»;: b

- .-:“f>.:;'v'- .



PLASMA CONC. OF ETHOSUXIMIDE (rmicg/ml)
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Figure 19, Plasma concentratwn of efhosummxde (Jﬁcq/ml)

(o) as a functior of time. following 40 mq oral §o]ut1on dpse to

£ .

‘Rat 33. (4) Feathéred points.
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_} AUC
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;o TR : '
Pharmacokinetic parameters of ethosuximide according to a 'two’
- compartment open mode], following administration of 40 mg dose :
of ethosux1mide in sqution

TABLE XVI.

Parameters _Rat 28 Rat'29 " Rat 30 Mean
| FD/V‘(mcg/ml)':.f‘»' 165.73  B1.67  101.97 116.45 + 43.8%
ae N N a2 200 197 0.3
Kol S 0.8 0:016% T 0,038 - 0.087 £ 0.03
])2-( hr) . 8 a6k N8.42 2197 + 8.6
T oax (hr) S &2 LI 2020 23 0.44-
® (ncg.hr/m1) 14840 ° 1088.0  1149.0 1260.0 213

Standard'dev1at1on

P16 12 hours following dose
*Not re11ab]e

".c. Mu]tip]e Ora1 Dos1ng ,"‘

Three rats were g1ven 40 mg. of ethosuxtm1de every 12 hours ora]]y

s descr1bed above B]ood samp]es (50 mc1) were: co]1ected as. descr1bed

above Just pr1or to adh1nlstrat1on of‘doses at 12 24 36 .48, 60 72

82

84, 96 and 108 hours fo110w1ng the f1rst dose Fo]]ow1nq the last dose,‘V ’

at 108 hours, b1ood samp]es were collected at 1]2 122 and 145 hours to"

check for any chanqe in the overal] e11m1nat1on rate constant dur1ng the

mu1t1p1e dos1ng reglmen The unchanged ethosuximide 1n the bTood samp]es R

was determ1ned 1n the usua] manner

~

fol]ow1ng the f1rst dose The b]ood concentrat1on of ethosux1m1de found

: 1 Rats 32 ~ 34 rece1ved 40 mg dose of ethosux1m1de every twe]ve hours Ll



]ust pr1or to subsequent doses is presented in Tab]e A- 10

-

Figure 21 '

N shows the re1at1onsh1p between the computer prEdicted po1nts and .the |

§observed po1nts
Id

concentration va1ues fa1r1y close to observed va1ues

the plasma concentratlon fo]]owing mu1t1p1e doses 1n Rat 34 together ‘

A two compartment mode1 seemed to predict plasma

with pred1cted va]ues actord1ng to one or two compartment mode]s

7

13

L

T TABLE XVII :
- B]ood concentrat1on of ethosux1m1de f0110w1ng a mu1t1p1e dose reqimen

(40 mg every 12 hours) in Rat 34

[

. Table XVII 115ts

B % s

g /i Time

‘ .4;5A;’ .
-+ (mcg/ml).

=

‘131;(nng/m]) o

(mcg/ml fh; (mcg/)ﬁ

12.0
24,00 -

%0 121 3.
Cago Y et sz o
h' 60.0 : | }f'_67«05‘-7:" f:163;2ffi‘f_if
- 72,0 - 5@}22.“,b. . C']jog]is, i

- 84.0 T I 17'4"57 o

1960 62,6 | i

108}0 E "87;5'4. . ]79 1

CoELEs
6. 14

66,18
o183
RRE I

40,3

s, 5
;5"5"‘_:157 4

2n

A0
'*zoJéS'da‘,f{- N

%

66*0*'
104.6

| ]47}9}i'ﬁ ,

wi s
‘ .'\' o

, ":‘-529
g _74.74;.5 Lo
8337

_89;."85'1 S

o T1me fol]ow1ng the 1n1tia1 dose,
- of ethosux1m1de, B

« ing to one" c0mpartment model,’
‘ethosuximide according to a two ~compartment. mode1- assuming K =
‘(Elimination rate constant obtained from the slope of slow dlsposition
phase), D= predicted blood: COncentration of: ethosuxlmide according

to-a .two compartment model. (K =
Ket = 2, 13/hr, Kte = 3 6/hr,_
= 186 - 192‘mcq/m1

262 mcq/mT

max: 2

aB/Ktc)

g =0, 0376/hr,

Ka =°2.0066/hr; K
Ve=90.2 L, it
where mah] and max2

e
'\

. ‘ refer to one and two compartment mode] respect1ve]y

h A f observed b]ood concentrat1on
pred1cted congentration of -athosuximide - accord- '
C = predicted blood" concentrat1on of -

B .

83

8.9 e

. -,_;},:.»go o

= 0.1185/fr, "
237 -;“,‘:i:
max 1 R



. ‘predicted points according to a 'two’ ¢

. predicted point accordina to a two compartment model shere K="g,

' ~(*). Cofmputer predicted po1nts accordinc to a-two. compartment mode] e
: ,where K = aB/Ktc : 4 . ‘ e U '

12(’0‘5*f o B o ,- A ) ii';. o
100

50

| ;JJf ijf.' iff'i t t‘f 4 ; :*. '”'f:

'BLOOD CONC. OF ETHOSUXIMIDE " {mcg /ml)

TIME ( hours)

o F1qure 21. B1ood ]evel of e osux1m1de fo11OW1no ora] mu]tiple _
dose reuimen (40 ma every 12 hours to Rat - 34, as a funct1on of time.
(+) Point of dosina and blood sampline, (e) nbserved points, (o) Computer

AY

;‘:: o :

R B B J Ll R J
020 A40 ~60 80 100 ,.;- 120 M0

artment model; (A) Computer - ~ °
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. ;,;' . ”("Kla..K)-'

The equations 34 - 36 were dz%d to predict bTood TeveTs durinq the

muitipie dose regimens according 0 a one compartment open mode]

ot = RalAg), ‘(g‘,'“ - e'K‘at‘)'f(»co')n KL (e

]

th .

)

(DoY), = (FD/V) Kt T ) _
(A) = (Fo/v_7n" + ({FopV) ek, A (36) -

0’n n-1 -

E t B s o e . . \k , ‘_ B o
- where A - FD/V' the fraction of dose avaiiabie at the absorption site -
RS | . .

- of ethosux1m1de 1n the . b]ood at time t Ka is absorption rate constant

: 22 shows the predicted and observed piasmalieveisvo‘.:

’voTume of distribution from nth dose and ((FD/V) "KaT)

' man according to one and two compartment open models The observed

K. 1s eiimination rate constant C 1s the concentration of ethosuximide

-

, vaT Dg is the amount of ethosuximide 1n the qut, V- is the apparent

ne 1 iS the

‘,, 1fract10n of dose per voiume of distribution WhTCh 1s remaining in the

gut from prev1ous dose for absorption

Equations used for the prediction of bTood ieveis during muTtipTe

'»7repo¥ted by these authors wa modified and rewritten in FOCAL Tanguage

'\‘f*

"”above for one and two compartment open mode]s were calcu]ated Fiqure

.isuximide in

EEEE AT

'éj |

.”f-.éDigitaT~Eguipment“Corpbration;eMaynard'iMassachusetts}7';*‘"5:

L)

A which is absorbed per voiume of distribution C 'TS‘thé concentration :

-
1n biood at the start of the nth dOSThg 1ntervaT T is the d051ng 1nter—_

ST e TN

fvoiume of distribution, (FD/V) is the fraction of. dose absorbed per C

- wdose regimen according to a two compartment open modei were the same .ft

85

‘Aias tho}e rep0rted by Niebérg;ji et aT (1974) The computer program :,i;gf::

) *'to suit our Diqitai PDP 8/La COmputer and the predicted vaTues reported h'fvyll



_PLASMA CONC. OF ETHOSUXIMIDE,

»

300

250

o :

(meg/ml)

201

[+ ke m m Sy 4144 m mﬂu} by
0 20 AO 60 80 IOO/léO 180 200 220 240 260 280 300 320

| TIME (hrs)

F1qure 22 P]asma concentrat1on of eth09ux1m1de fo]low1nq ‘2:, G -
mu1t1p1e_gya1 dose regimen. (250 ma t.i.d.) of Zarontin syrup ad- SR

ol

‘m1n1stered at 8:00 AM, 2:00 PM and 6:00 PM 'to subject 1 (Hearer -~
et al.; 1970): (o) Comnuter predicted points according to one ,“ .

comnartment open model- (Ka = = 2.85/hr, K'= 0.0269/hr, FD/V = 46. 5
mca/ml, from Buchanan et al., 1969). (*) Nbserved Doints Gid

'Predicted ‘points accord1nq to two compartment open: ‘modeT. , &; :3,:-,“,' o

= 2. 85/hr,,c 0. 03/hr, Kct = 2 13/hr. Ktc~— 3 6/hr and
Vc ; 5 0 L) -

’ ¢
'

. o . . :



<« , : \ . e

| pIasma Ieve]s were those reported by Hearer et al. (1970) for subject'F
foIIowinq mu1t1 e’oral dos1nq w1th ZarontmR (ethosuximide) syrup, dose
250 mg three t1mes a dayl The vaIue of FD/V, the fraction/gf dose absorb—:
. ed per volume of d1str1but1on was that reported by Buchanan et al. (1969) .
for the1r.subﬂect?!. Pred1ctions‘from,the two compartment open mode] |
were found éo fft the obsgyved da\ﬁ"'\qhe rate constanj§‘kct and Ktc -

‘used in the caIcuIat1on were the same as those found in rats stECe the
"‘pub11shed reports d1d not contain sufficient %nformation to determ1ne
the needed rate-constants It was assuned that the rate-constants Ket |
and KKte were not much d1fferent 1n man and rat Observed and predicted
'j vaIues for the p]asma concentrat1on of ethosuximide, 1n rats 32 and 33 l;‘

are presented in TabIe XVIII and . XIX and in man in TabIe XX‘

TABLE xv111 S "-

e BIood concentratlon of ethosux1m1de foIIow1ng,a multiple oral dose

regimen (40 mg every 12 hours) to. rat 32
by i_x 5 (ﬁkglml) o {mcg/m) - (meg/ml)

[

2.0 . 59.44. - 106,7 o 54,88 R
24.0° ,.:_??'96.o4e,_f‘ 71 11500

%.0 o .109.88 - 2135 . 86.80 .-
48,0 . . 9160 23880 9066
60.0 T oLl Casas o guoae
a;[84 0 6690 . 0 2700 o 936 S
96,0, 8199 L w2718 932

10800 9Be8 . 2760 9332

T1me fo]10w1ng the in1t1a1 dose A -.observed bIood concentratIon B

.f;of ethosux1mide, B = predicted-blood concentrat1on of ethosuximide accord-s,*-°

ﬁ’to one compartment open model, C = predicted blood. concentrat1on of "
osux1m1de according to.two: compartment open modeI = 0.1185/hr, -

'V'VC

= 1 0387/hr, Ket =2, 13/hr, Ktc =3.6/hr, B = 0. 040/hr, Ve =.0.2L,
= max ] F 373 - 393 mcq/mI Qhax 2" 178 - 180 ng/M1 ',-—--SampIe Iost

~/



- )
/N .

‘4 .
TABLE XIX

Blood concentrat1on of ethosux1m1de fo]]ow1nq mu1t1p1e ora1 dose

- reg1men (40Amg gvery 12.hours) ;o_rat 33,
. Time? A AL B e
.- (kr) S (meg/ml) . (mcg/m1)y ~ (mcg/m1)
12.0 o 6259 T 5120 - 52,33
2.0 52,40 - g2.90 - - 73.88 -
3.0 - 4550 102.60 82.76
480 7080 0 . 470 8642
60.0. ¢ &2 - 12230 . 87.93.-
20 N ms0 - 680 8855
840 - 7960 . 129.80 14k388}81 |

9%6.0 . - 75.50 'A;y« ;131;5oJ | 8891

oo ogse0 Um0 s

A Time fo]low1ng the 1n1tia1 dose,” A= observed b]ood concentrat1on

of ethosux1m1de, B = predicted blood concentration of ethosuximide .

according to a 'two' compartment open-model, C = .predicted Blood: concen-
tration of ethosuximide according to a.two compartment open mode1 b
Kg = 2.89/hr; K= 0.1185thr, - Kctt} 2. 13/hr,' Ktc 3. 6/hr B = 0 04
yc = 0.2 L, Cmaxil = 197 - 202 qu/m1 x 2 195 - 197 mcq/ml



A
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TABLE'XX - -
,Observed and predlcteg p]asma ;oncentration of ethosuximide in mah -
f011oﬁ1nq oraﬁ%mﬂt1p1e dosing (250 mg t.i.d.). Data obta1ned_‘ N
From Haerer et al 3(1970) and Buchnan et al. (1969) subject 1. |
v : ' LS .
~ Time? R T N
() L (meg/ml) o (meg/ml) . (meg/ml) |

6.0 - T .. 389 . 5y
J12.00 o 3T g
2.0 . - . . w5 R YRS
480 7 M3 e 290
8.0 . | 240/0 S 3Bm
102:0. R << X RN -
1800 . L 59 f" ©o47.37
204.0.- - 2669 . . 47,98 '
2400 . .0 . Tane . agag .
L2610 g~ 2903 5182
2640 - . 442 o 2.8 4869t
. 266.0 N EE L T
2670 .y 290 3. Bl
288, 0 'A4‘ B 48.8"P” . j: s SURDIRENCERDIN SO
2700 - - 0 . oer8 a7
2940 g2 2679 488
S Ws0 U es3g 280 o489
om0t co290.5 5] 82‘1-<= e
w0 o TR %80 . 49 0 ,}f

- Tine f°”°W‘n9>the 1n1t1a] dose. JA observed b]ood concentration R
of ethosuximide in subject 1 (Haerer et al. , 1970), 8 = predicted:

L blood concentration.of ethosux1m1de accord1ng to a 'two' compartment open o
~mode¥, where-Ka = 2.85/hr and K = 0. 0269/hr, and FD/V = 46.5 mcg/m]- : ‘fia_;;i;

(Buchanan et al. » 1969), C = predicted blood leve] of ethosuximide

Tm,'accord1ng to two compartment open model, where: Ka = 85/hr, = of/Ktc"

10.03/hn, Ket =:2,13/hr, Ktc = 3. 6/hr, B = 0‘02/hr and :Ve 5 0 L,

- t Cmax 1n a ‘two compartment at equ1}1br1um was 340 - 378 mcg/m] in-'it'fjl'

| max,.‘;m; SR
two compartment mode] at equ111br1um was 53 7 ng/m1 x|
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5. IN-VIVQ AVATLABILITY STUDY . \\ :
B | g L P |
ATl chemica] and-adﬁuvants'used in.jhisﬁgiudy were of USP grade

Dosaqe forms, other';han commerc1a1 preparations were prepared by

ngorous]y shaklng weighed-quant1ties oft e%ﬁ?;ux1m1de with the respec- ’

tive djuvant or antacid 1n a 25 m] screw capped vial with a suitabl

8 .
veh1c1e Al] dosage forms were prepared 1nmed1ate1y before use - The

deta1ls of ‘the dosage forms, the adJuvants and: the veh1c1es used are

descr1bed below. vE, | _ g

- a) Ethosuximide so]ut1on 40 mg/m] in der;rose/sa11ne IR
1nJect1on USP Dose 1 m] 1ntravenous1y |
b)- ZarontmR Syrup, Park Dav1s and Company (250 mq/5m1)
ot DB115 purchased from Be1vedere Drugs, Edmonton A]berta
‘HDose = 0 8 m1, ora]]y

. fc)' Ethosux1m1de so]utlon 40 mg/m1 1n dextrose/sa11ne ‘»‘rl“ 2
A1nJect1on USP to be given oraT]y Dose =1 m] dra11y

[/

"contents ofatwo capsu1es was d11uted with PEG 400 tg make
. J
. 1]0 m] Lot DA]27 purchased from supp11er ]1sted under b
'C;Dose = 0. 8 ml ora11y .

e). Ethosux1m1de 400 mg disso1ved in 1.5% nethycel]u]ose

'“leended 1n dextrose/sa11ne 1nject1on USP to make 10 ml

r{;hDose 1 ml orally

d) Zaront1nR Capsu1e Park - Davis and Company (250 mg/capsu]e)

D/fb (1n dextrose/sa11ne 1nJect1on USP) to makeg]Ofm] Dose 1 mlz,f

_,f)A One g act1vated chareoa1 and 400 mg ethosux1m1de sus- cm?~f

‘g



)‘-' B ’ . ‘V
R ,

,
§

e g) Ethosuximide 400 mg dissolved in olive oil to make 10 ml.

.

. Dose =1ml orally.

-

h) 20ne g of,ca1cium phosphate trQb§;1c and 400 mg of etho-.

. Sux1m1dé su5pended in dextrose/sa11 e 1qJect1on Usp- to make '»‘ ,

10 m] ~Dose = 1 ml oraﬂ]y )
i) One g calcium chloride and.400.mg ethosuximide dissolved‘
in dextroseysa1ine.injeotion_USP to makelﬂo mi. Dose =‘1:m]

.oraHy ol L | ,' |
j) One g of ca1c1um carbonate aﬂd 400 mg of ethosu£1m1de
suspended ]n/dextrose/sa11ne 1n3ect10nfto make 10 ml.

Dose = 1 mI oral]y AR "» ‘ ﬁ“ i'l
k) One 9 dr1ed aluminum hydroxide qe] and 400 mq of etho-
‘ sux1m1de in dextrose/saline 1n3ect1on USP to make 10 m1

- Dose =1 ml orally o .

" 1) One g magnes1um tr1s111cate and 400 g ethosuximide co

‘.~suspended in dextrose/sa]ine 1n3ect10n USP to make ]0 m1
dDose_= 1 ml ora11y | - |

?Protocol Th1rty =$ix, ma]e W1star rats: we1gh1nq between 300 and 500

: g were used in th1s study The rats were random]y assiqned to twelve
treatment groups of- three rats each “A comp]ete]y,random‘desjgn (Stee] e

- and Torr1é ‘560 was used 1n th1s 1nvestfgation* 'Thé rats'were-fasted e

-

9]

for 24 hours pr1or to treatment but water was made avai]ab]e for dr1nk-.f.ff

'.ying, On the day of the exper1ment the rats 1n a part1cu1ar treatment
wtgroup rece1ved the1r treatment by the appropr1ate rbute F1fty mc]

; b]ood samp]es were co?lected from a ta11 ve1n at 0 0 5 1 O, 2 0

' '_3 0 6 0 9 0, and 12 0 hours fol]owing the dose The concentrat1:?,of'l”v-b::'d“



. , _
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ethosux1m1de in the blood samples taken at the various times was deter-

m1ped accord1ng to the procedure descr1bed ear11er

Tpe blood Jevels of ethosux1m1de in rats after a number of differeht .

o

treatments s presented in, TabTe’A 1, Table A- 9 and Tab]es A 11. to Ae20
The area under the.blood concentration twme curve for each. anima] was

. determ1ned by count1ng the squargs undeg the curve as 1T4ustrated in
A [

 Figure 20 for an 1.V, and ap)oral dose of ethosuximide so]ution ‘The'
[ 3

graphlcaT est1mates of the absorption rate constant Ka, the eT1minat1on ’

ate constant X, and the fract1on of dose absorbed*per voTume of

-

d1str1but1on, FD/V from the bTood data of each an1ma1 were determ1ned k
as - 111ustrated 1n Flgure 19 and described ear11er under the bTood TeveT
study The best estimates of var1ous phannacoklnetfc parameters deter-
.m1ned by d1g1ta1 computer least- square 1terat1on us1nq proqram 'NONLIN‘
are summar1zed Jin Table XXI :r SRR ‘ ; A

A typTca] plasma TeveT t1me curve foTTowing treatnent with the

1

var1ous formu]at1ons stud1ed are 111ustrated 1n F1gure 23. The 1nf]u- :

.ence of var1ous formuTat1ons and adJuvants on the systemic ava11ab1]ity

8

. of ethosux1m1de is shown in thure 24, The area under the plasma Tevel- .

T tlme curve for the. 1ntravenous dose-was used as a reference for the
. computat1on of the percent sysgfmic avai]ab1T1ty of ethosux1m1de 1n

rats over 12 hour per1od -,g,,;f;h ‘r‘fx o ~}i‘:

L.

[ S
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BLOOD CONC. OF ETHO

,LLJ' 240 B
o
< 200 (-
)
)
160 |5
> 120 1
U
£
80
20

v>e:r’cm>t>oo_

1.V. ETHOSUXIMIDE SOLUTION’

ORAL ETHOSUXIMIDE SOLUTION

ZARONTIN® SYRUP

ZARONTINP® ‘CAPSULE CONTENTS _
ETHOSUX\MIDE SOLUTION + CALCIUM CARBONATE
ETHOSUXIMIDE SOLUTION + CA, TRIPHOSPHATE
ETHOSUXIMIDE IN OLIVE OIL

ETHOSUXIMIDE SOLUTION + ACTIVATEQ CHARCOAL

ETHOSUXIMIDE SOLUTION + MG. TRISILICATE

TIME (hrs)

. - F4 ‘ . - .
» Fiaure 23 Typical D]asma Tevel t1me curve. for varg;gs ‘
formulations of ‘ethosuximide in male Wistar rats. (o) Rat”
(o) Rat 33; (A) Rat 34; (a ; Rat 39; (o) Rat. 55} (n) Rat 51

(w) Rat 48; (n) Rat 43; (A

S

Rat 63.

/

03
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- FORMULATION

_ Figure 24 Pen;ant system1c ava$1ab111tv of ethosux1mide From -
different- formulations - over the 12 hours f011OW1nq dosina. A = etho-

: | suximide solution I.V.; B = Zarontin syrup oral;.C = ethosux1m1de

solution oral; D = Zaront1n capsule contents w1th PER-400; E = C +-
1.5% methy1ce11u]ose F = C + activated charcoal; G = ethosuximide in
olive . 0i1; H = C-+ calcium phosohate tribasic; I'= C+ calcium ch]oride,
J= C+ ca1c1um ‘carbonate; K= C + dried aluminum hydroxide - ae1

L = C + maanesium trisi11cate 'f = standard. dev1at10n

. *Stat1st1ca11y s1qn1f1cant reduction 1n percent system1c ava1lab111tv e

-
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6. URINARY EXCRETION-STUDY‘ “ﬁ\\\
The urwnary excretion of ethosuximide: in rats was studied!under four

: treatment cond1tions, uncontro]]ed ac1d alkaline and probenecid Ex- -

per1menta] details of the study under each treatment are described be1dw.

a) Urinary excretibn study‘of ethosuximide' under uncontro]]ed

urinary pH. Three healthy male Wistar rats we1gh1ng 540, 486 and 457 g .
werehstarved for 24 hours‘and p1aced»1n 1nd1v1dna1 metabo]ism cages with
water but no food. Blank Urinelsamp1es'were coiTected.‘ The.rats were
then given 40 mg of ethosuxdmide sdlntion dra11y : The Urine‘extreted §
a1onq with the wash1ngs of the metabo]nsm cages was collected at 12.5,
24 5, 36, 48. 5 60, 5 72 5, 84, 5 and 98- hours fol]ow1ng the ora1 dosef‘

~The ur1nes were stored at 40¢ unt11 ana]yzed The volume of-the-ur1ne‘.~

together w1th wash1ngs from the cage was accurate]y measured (range f* '

30 - 100-m1) A 1 ml a11quot of the di]uted urine was analyzed for free

N

'ethosux1m1de as described prev1ous1y The.rats_were'fed regu]ar{d1et d\‘

12 hours f0110w1ng the ora] dose

b) Ur1nar1,excret1on study of ethosux1m1de under contro11ed acid e

I, rlnarx Q Three hea]thy ma]e w1star rats we1ghing 400 380 and 390 g X

I
vrespect1ve1y were. starved for 24 hours and g1ven 2m of25%ammonium

f.chlor1de ora]]y, tw1ce a day on. the day before and dur1ng the tr1a1

. Ammon1um ch]or1de has been used as ur1nary actdifier in: drug excret1on

Vstud1es (Portnoff et a] » 1961) j A ur1ne samp]e was col]ected from each

96

_.lrat before dos1ng and 1ts pH was measured Ethosux1m1de (40 mg) was f.e;:}f o

i.f‘adm1n1stered and urlne samp]es co]]ected at 3 6 19 27 43 66 78
_and 92 hours fol]ow1nq ora1 dos1ng and free drug anaTyzed as descr1bed

'prev1ous1y._-n
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c) Ur1nary excret1on study of ethosuximide under_gontro11ed

f.

_ a]ka11ne ur1nary‘pH Procedure was the s as udder (b) above us1ng

rats weighing 390 400 and 380 g except that 1nstead of ammonium ch10r1de,
2 ml of 25% sod1um b1carbonate slurry was admwnistered to rats, ora11y, -

tw1ce a day on the day before and. dur1ng trfal to render the urine
. . '\' -}.
» . . v N I'd -

alkaline.

d) Ur1nary excret1on study of ethosuximide under 1nf1uence of

~.probenecid treatnent Three hea]thy rats welghing 400’ 420 and 444 g

Were'starued:as under;(a)'and treated with 100 mg of;probenecid; orally, - )

':(2 mi ot‘5% su5pension) twice a day on the‘day béfbre and-during‘tr{a}. -

The rats were dosed ora11y with 40 mg of ethosux1m1de as under (a) o
(b) and (c) and. urine samples co]]ected at 3, 6 22 33 5, 47 5 and 75

- hours following ora] dos1ng B]ank ur1ne samp]es were co]1ected before ; _"‘
dos1ng Unchanqed ethosux1m1de was determined in’ ur1ne as described |

'vprev1ous1y . .} A . o

" The. pH of the urine of uncontro11ed (udtreated) rats or rats E.‘: g

h ftreated W1th probenecid (250 mg/kq) was 6. 4 = 75%0; and the pH of the HXHA' |
| urine of rats treated w1th ammbn1um ch1or1de ranqed between 5 0 - 5 5

s

wh1]e the pH of the ur1ne of rats treated with sod1um b1carbonate was

':, 8 0 --8 3 The ur1nary excret1on data from the rats 1n each treatment

-»H{ grouparepresented 1n Tables A 21 to A- 33 F1oure 25 shows the typ1cal_3y'**f

'-'cumulat1ve ur1nary excret1on of unchanged ethosuximide as a funct1on ofprsdb_Q-V"

-

:time in a rat from each treatment group Tab]e XXII shows the mean

o cumulatwve ur1nary excretion of ethosuximidefjn rats under uncontrol]edvl“t. Lo

p f;.urinary pH and in rats under probenecid treatment‘ The mean cumu1at1ve]fi'”

; _ur1nary excret1on Of ethosux1m1de 1n rats under acid urinary pH and :”fl”.‘
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under aTkaT:ne urinary pH is shown 1n Tab]e XXIII Figure 26 11lus-"

trates the cumu]at1ve amount of unchanqed ethosux1m1de excreted 1n the

¢

id Meah Percent e e T
“Dose Excreted P RnES ¢‘;5'j5538t1,,f:» a8

urine foT]owing the oral ‘dose of each treatment The cumu]ative amount

of unchanged ethosux1m1de excreted 1n the urine was obtained by success- '

ively adding the amount of ethosux1m1de excreted at var1ous times to the '

total amount excreted at the\previous t1me '

F I R /1 xx11 . .
Mean tumu]ative urinary excretion data: for ethosux1m1de in male N1star ‘
' rats under uncontro]]ed urinary pH and under probenec1d treatment

Dose 40 mg. ethosux1m1de solut1on in dextrose sa11ne thectlon USP

Urine Samp]e Co]]ect1on o Ethosux1m1de Excreted Unchanged

Time - FoTTow1nq Dose Uncontro]Ted Treatment Probenecid Treatment 3

(hr) U pH (6.4-7.0) . (6 4-7.0) .

3.0 i?"svv ) :”?ﬂ 5077 £593.0°
f6_0 . ;' . ”. 1.. - mi%/gm;v:,_ljizfi 94] 0
2.5 0 2684.0 £.359.0% . o
Coma L
e . A181.0£°302.0 0 L e
236.0 - %5103.0°%706.0 © . T

e ,I+

4

"

T R R <X /X R

o

: 48.Smi;}j .-j:;.,'j; 5635“Of 807f0 fu,gfﬁefbhs A
N »
s e
s °=*3‘- w0,

BErS

0.0 .

e

LI

- 878.0 v.f;~
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TABLE xx111 o e
Mean cumu]at1ve ur1nary excret1on data for ethosux1m1de 1n ma]e Wistar
- rats under acid and-alkaline treatments '

Dose™= 40 mg ethosuximide so]ut1on in dextrose sa11ne usP

‘ ]Urtne Sample Co]lect1on . dEth05ux1mide Excreted Unchanged i
. .Time | 0110L1nq Dose - Acid Treatment -~ AlkaTine Treatment
' (hr) o “pH (5.0 - 5. 5) - . pH (8.0 - 8. 3)
S - (mcg). - o (meg)
N 30 2126+ 29058 )4895.55;&“ 64.5.
. _ 6.0 -~ - 706.0+ 33.04 - 1256.5 % 160.3 -,
o S19.0 2136.3 + 35,0 ~  2285.0 + 2518
27,0 . 2633.3:377.0  2690.0 & 207.5
43.0  3579.0£452.0 - 3880.0 £ .932.0 .
66:0 .. 4087.0'%477.0 . . 4445.0  1189.0
78.00 - 42330+ 489.0 . 4607.0 210
%200 | . 4347.0 £ 4850 - 4741, 0+ 1232 0.
©_Mean Percent . o | _; S L . A
. Y1Dosevexcreted R 10.86 0 ;h;f ‘j'11.855.;' {;;‘
*Standard deviation” (N'=73) -

»‘ | The urlnary excret1on rate ‘Was - obtained by div1d1nq the amount of}fT;"

' ..lthzéux1m1de excreted unchanqed dur1nq‘a qiven 1nterva1 of t1me by the ﬁ_d:'%‘

u'.value of the t1me 1nterva1 The t1me for the excretion rate thus S

. fw/obta1ned ‘was taken as the m1d pornt of the 1nterva1 (mean time) ‘é.f'f'fh;f;

e excret1on rate va]ues and the respective me\nytimes are listed 1n i a

| ﬁT,e:Tab1e A- 21 to Tab1e A 33 for each treatment | ' ‘: | "

| A typ1ca] sem11ogar1thnnc p]ot of excret1on rate vershs time for‘.'
.}idf{ethosux1m1de 1s shown 1n F1gure 27 and F1qure 28 S1m11ar pTots were

'_jconstructed from data for each an1ma1 The slope of the 11near portion 1iff3 -

j'-w,’._of the sem11oqar1thm1c p]ot was used to calcu]ate the e11m1nat10n rate
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ETHOSUXIMIDE = EXCRETION RATE (mcg/hr) .

’*wf'O;“*Tﬁf*fZO' 40 60 80 100

© dDE. FKUKA D, . -kt -xm)’
: = —— e -o .
B TERTY ST

100
480 -'f:1

K=o 04779 hr -
= ]4 5 hr

MEAN TIME (hours)

F1gure 27 Sem11ogar1thm1c plot of ur1nary excretion rgte as :U '

‘a'funct1on of t1me 1n Rat 68 follow1ng 40 mg- ora] dose of ethosuximide

102,
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" /o . .
UNCONTROLLED .~ R-68
ALKALINE . R-T1

“ACID - R-74
PROBENECID " R5

-
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o ;80 IOO
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Flgure 28, The urinary excretmn rate-time profﬂe of unchanged

o ethosux1m1de under -various. treatments. in male’ Wistar rats, following _
the oral adm1n1strat1on of . 40 mg- ethosux1m1de 1n dextrose sahne L T

- 1n3ect1on USP

et
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| constant,:K, as'iTTustrated in Figure 27. The best fit;to thellinear -
| portion of excretTOh'rate-time intS-was'obtaihed by Tog;Tinear
~ regression analys1s using a Diqita] PDP- 8/L computer using the program
T1sted in Append1x B. The eTimination rate constant caTcuTated from
the mean excret1on rate data for each treatment group. was not much :
‘,d1fferent from that obta1ned from the excretion rate data of each 1nd1-
;viduaT anaFaT under that treatment qroup averaged ‘together.’ Thus,:- ‘
Cinter- -animal variation was qu1te smaTT under these conditions ’The 'cil
eT1m1nat1on rate constant was aTso obtained from a semiTogarithm1c pTot )
f of percent of’unchanged ethosux1m1de rema1n1nq to be excreted as a. e
| function of tqme accordlng to NeTson (1961b) This 1s 1TTJstrated 1n o
TF1qure 29 The percent of unchanged ethosux1m1de excreted was based

on the cumuTat1ve amount of ethosuximide excreted unchanged at t1ge
| 1nf1n1ty : The e11m1nation rate constants, K obtained by the two

. ethods ment1oned above%were in c]ose agreement with the vaTue obtained
.,from the bTood TeveT data ‘WV;}':_f: d- ):_)'T» ”»“ : : ;l ;f;¢A;
The ur1nary excret1on rate c0nstant, Ku was computed from the Y-
' 1ntercept vaTue of the sem1Togar1thm1c pTot of excret1on rate versus ;-’
t1me,(F1qure-27) us1ng Ka the absorption rate constant and F the |
:_}fract1on of dose absorbed vaTues obtained from bTood TeveT study

“'Y 1ntercept vaTue was mu1t1p11ed by (Ka K) and d1v1ded by FDKa Th
"lK used 1n th1s caTcuTatlon was obtained from the sTope of excretion ”j.3
.,rate-t1me pTot for that part1cu1ar rat FD 1s the fractvon of dose
/ntnxhl The excret1on rate constant Ku w

-":the reTat10n5h1p Ku £ (DE) K/FD The vaTu s of Ku obta1ned by ﬂjfﬁVixt_'
. g‘ v,"e‘.:‘.

also caTcuTated from

e lthese twp methods were sim11ar The (DE) vaTue was’ obta1ned from the

',.;Tmean cumuTatlve pTot (F1oure 26) The clearance of unchanged

e
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ethosux1m1de was detirm1ned from the s]ope of the excretion rate

versus p]asma concentrat1on data obtained from s1x rats, as 111ustrated

/
in Figure 30, Table XXIV shows the data used for clearance calcu]ation.'

Various pharmacokinet1c parameters for ul‘pary excretion of unchanaed

3

ethosux1m1de are- summar1zed in Table 'XXV.

4

- - o TmeLe XXIV o
Mean p1asma concentrat1on and mean urinary excret1on rate’ of uncLanqed

ethoqu1m1de in male W1star rats following oral adm1n1stfat1on '.\f

~of 40 mg ethosux1m1de soTut1on

5

Time : Excretion Rate L P]asma Concentration

(hr) 5 L (mcg/hr) - (mcg/ml)
T N=3 0 N=3
6.5  230.0 £27.08 - . ' 90.33%16.8
18,5 119.82 £ 23,8~ - @ - 41,07 6.2
30.25 ©104.53 + 42,46 19.35 % 2.1
© 4225 . 47.86 + 10.36 .7 .8.98+ 1.0
545 0 233252250 41 2. 0.5
66.5 -19.47 £13.29 1.9 = 0.2
78.7 . 8.43+ 475 ., - -0.87% 0.1
89.5 © 6.61: 4,03 10.44 £ 0.05
- 3Standard deviation. - - S T E
| e . -

106
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280 -

(mcg/hr)

N
Q.
X'
1

160 |-

- CLEARANCE 2.4 ml-he”!

9

120

'EXCRETION RATE

S

.0 20 - 40 " 60 80 '00 '20 e

5 f'P"‘LfAS&MA jCQN W, {mcg / ml)

F1gure 30 Ur1nany excretion rate of unchanged ethosuximide f} f"': Lo
.as a functlon of plasma concentration of. unchanued ethosuximiye
Each pmnt is mean of the data fr-om six rats
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Urinary excret1on pharmacokinetic parameters of ethosuximide accord1ng
' to a two compartment open model, following
oral administration to male Wistar rats.

- - . Dose = 40 mg solution
Parameters Uncontrolled . Alkaline ~Acid - : Probenecid
Treatment - Treatment Treatment  Treatment
N=3 0 N=3 S N=3 0 N=3
Ku _, - 0.008 # 0.004 + 0.004 + 0,007 +
(hr™') : 0.001 0.001 b"4&\,0 001 - 0,002
Maximum Excre-  220.0 +  298.0-+ 164.5% .  232.0
tion Rate - 3.8 124 ‘5.6 ~ 80.6
" Peak Excret1on '6.25,1 . 1.5+ - 4'5.+' .10, 83 +
Time ' - 0,14 0.0 o 050 - 5.4 |
kaPo, 197+ L -
(hr™") , 0.93 . - = e SR
e 0 MBBr. eer . 1974 11296 ¢
(hr) , -  » 2.3 | ‘; 1.63 o H~O.86 A1,§9ﬁ
FDKaku . - B f;{r' S -_9f~;
Ka-K 310,12+ 167, 55+ - 161:33 % .. 284,96 t .
(meg/hr) 2953 .- 2823 - 6.04 ' 68.24 .
% Dose Excreted 154+ 1.9 10.9.4 12.24
Unchanged -~ - 2,4 . - = 3.1 1.2 -'1585

- 3Standard deyiation. E - i1 ~ ~f-;’;"i‘ffrf”,ff
bFrOm blood level study. SRR ol
v~f-No b]ood 1eve] study done under particular treatments.»

P o S,

“: gj,; :_'1.f-i;j f/i’i‘ 
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| 7. TISSUE DISTRIBUTION STUDIES OF ETHOSUXIMIDE

Three ma]e W1star rats 272, 384 and 392 g respectiveTy were anes-

a ,thet1zed and cannu]ated as descr1bed previousTy and 40 mg ethosuxim1de _'
(1 m]) was adm1n1stered to each rat through the femoral wpin 'Rats
were sacr1f1ced by ohloroforming at 3 7 and 21 hours f0110w1nq the -
dose. SampTes of tissue from ske]etaT musc]e Tiver, brain, fat, GITA

Aheart, Tung, who%e kidney and kidney cortex were quicka removed

.we1ghed. and homogenized w1th physio]og1ca1 saTine to make 10 to ]5‘m1'
of homooenate ?adne m] of‘the homoqenate was analyzed Tor‘frée etho-

' sux1m1de using the procedure descr1bed previously and the amount of _
~ethosux1m1de per qramme of wet we1qht of t1ssue calcu]ated
| The concentration of~ethosux1m1de in one gram of the different
tissues analy;ed was found to vary to some extent TabTe XXVI shows '
:? the concentrat1on, Tn m1crograms of ethosux1m1de found 1n severa]

f .d1fferent t1ssues OnTy one rat was. used for studydng tissue distri- _v

but1on w1th1n a. g1ven t1me 1nterva1 fo]]owing the dose This was done_

| Jin an attempt to conf1rm the reports c1a1ming even d1str1bution of '

ethosux1m1de throuqhout the body . 1".,",1-:A‘ ;’i'dqj p"-*_?v_,~a: o .
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| TABLE XXVI |
‘;T1ssue distribution of ethosux1m1de in rats fo]]owinq I.V. administra- -
tion under genera1 anesthesia.- :

Ethosux1m1de level (mcg/g) )
R Time after dos1nq )
Tissue . | | | ‘A’7~'. : B R c
3 hr ~7hr 07 2Vhr

Skeletal muscle ~  106,6  143.5 614

Liver | S 146.4 85.2 .. . 103.3
CBrain - 815 904 . 1089

Ft w15 862 - 826 .
et a0 075 w2

Heart S a4 2305 1049

lung s 253 T 036
Cortex (Kidney) ~~ © 167.8 137.2 . 142.6

. K{dngy‘ R " T I 116;7 e
_ A = Data from sing]e rat we1gh1ng 384 g, B = Data from sing]e
- rat we1ghjng.272 g, C= Data from single rat weigh1ng 392 q.;4_ o
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.8s PHARMACOKINETIC MODELS AND COMPUTAT\bNS

| Pharmacokinetic mode]s described prev1ousiy were used to describe
-'the reai phy51oiogicai phenomena associated w1th the absorptidn, dis-
tribution, metabolism and excretion ‘of the druq Simpie differentiai f
'equations were written in an attempt to account for aii the drug changes'i“
(biotransformation and/or redistribution) from the time of dosage
administration to the time of the total eiimination of the druo Based':
©on data from the biood 1evei study, fOIIOW1nq intravenous inJection of _
ethosuximide to rats, a two compartment pharmacokinetic mode] was used
‘to evaiuate the urinary excretion of the: druq (Fiqure 31) A com-
partment may be defined as a kineticaiiy distinguishabie pooi in tenms
of the drug conceneration time profiie A two compartment mode] has

-_been used by a number of 1nvestioators (Teoreii 1937b Dominquez, 1950'A_3

| '.S°1°m°“’ 1950"'R1995,'i963 Nelson and Kruger-Thiemer, 1964 Rescigno ;ag,rafi |

»'_and Segre 1966 and Riegeiman et ai 1968) . The foiiow1nq assumptions e

*were made for the use of a two compartment mode]

}“1; The rate of. urinary excretion of the druq 1s proportionai
y to 1ts piasma concentration - ﬂ~ = | - -

2. Drug transfer between the centrai and the per1phera1 compart4{t]’

“A ent is rever51b1e, but transfer from the centrai compartment t0-7fff}.¢f}74

0_

:,the urinary compartment is irreversible -
A4

3 The rates of abSOrption distribution and metaboiism foiiow
u[r:f‘_ first order kinetic processes j - | _‘
‘h54 Drug eiimination occurs from the centrai compartment | |

:'75 Excretion of unchanged drug and 1ts metaboiite OCCU?Ted

"ffentireiy from kidney
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The: fo1IOW1nq different1a1 equations def1ned the pharmacok1netﬂc

“model proposed:

/. dDg/
 dde/

dt/dt <. Kctde - KteDt -

__dDu/

"rWhere Dg =
: .Dc

Y R

Du-

EL

ket

Ee.?nKu%f

Flgure

Ka: -

- Ktcn

dt

dt

dt-

| '-dom/dt

-

d= ;—KaDg Co

)

- KaDg + KtcDt - Ketbe - Kube -kmDe - . . (38)
(

. (39)
= Kube (40)
= Kch }.a.,. . s ~; _:;n 't.et.”f“d (41)'

the amount of drug in the gastrofntest1na1 tract ‘

P |

- the amount of drug in centra] compartment

* ‘the amount of drug 1n peripheral compartment

“the amount of 1ntact drug excreted 1n the urtne

“ifZ?GIT 1nto central compartment

the amount of metabo]ites excreted in the urine

* the first order rate constant for the transfer of druq
Tafrom peripheral compartment to centra1 compartment
~¢cthe f1rst order rate constant for the transfer of. drug
A‘ﬁfrom centra] compartment to pertphera] compartment
fffthe first order rate constant for the excretion of druq

o *a“from central compartment 1nto-urfne

"'a-{1n the centra] compartment

",t1me after adm1nistrat10n of the dose

t _

31 shows the scheme and the equat1ons that describe a two

fo11ow1ng the 1ntravenous admin1stration of ethosux1m1de to rats

113

1'gfhe rate constant for the absorption of drug from the S

ffrthe first order rate constant for metabo]ism of drug ﬂafj”’°‘“"

' ‘\ff compartment pharmacok1net1c model for the ana]ys1s of pIasma 1eve1 data ”;gf,ﬁi



‘”tej;observed va]ue An exce]lent fit was found ustnq a two compartment

o gj‘pharmacok1net1c mode] Add1t1on of a third compartment to the scheme E

| “_'fpfdata did not 1mprove “the. qua11ty of the fit

"1=f,?£where C 1s the plasma concentration at any t1me t fol?owinq an intran,j :

114

~In Figure33], if the rate'constants, Kct and Ktc become equal the= .
'_pertpheral compartment T automatical]y drops out and . the scheme then f
descr1bes a one. compartment pharmacok1net1c mode1 for an 1ntravenous |
'dose Equat1on 42 descr1bes the plasma 1eve1 accordinq to a one: com~‘,"

partment open mode]l f011ow1nq an 1ntravenous dose...

o - where C, is the piééma concentration-of ethosuxtmideeat anyvtfmeetf_Db-f' O
is the 1n1t1a1 dose glven and K 1s the elimination rate constant
Slnce the semllogar1thm1c p]ot of p]asma leve1 data~of ethosux1m1de, feV'_
methsux1m1de and phensuximide (F1gures 16 17 and 18) showed a b1expo- v.>ﬂes
;veinent1a1 decay,,the two compartment pharmacok1net1c mode] scheme ‘.eihl:t S
| . (Figure 31) was used to ana]yze the plasma 1eve1 data fo11ow1ng the
tntrauenous doses The qua11ty of the computer f1t to the exper1menta1
';fidata was tested by us1ng as a cr1ter1on the sum of the squares of the
H:-edev1ations between the exper1menta1 data and the data ca]cu1ated by :ﬂ‘~lel

~the computer accord1ng to the equation descr1bing the plasne level 1n

a tWO compartment open mode] Th1s shou]d be 1ess than 0. 01% of the :.{;L.~

'1n F1qure 31 and use of equat1on 43 for the prediction of p1asma 1eve1

Cc :Ae_‘:?‘-tﬂ-f. o, Ce"Yt : : (43>

l'venous dose, a, B and Y are the various disposttton rate constants for

[‘7;ftr1exponentia1 decay of p]asma 1eve1 concentrations of druq Figﬂfe 32

'-fvfshows the scheme for a 'two compartment (one compartment)
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pharmacokinet1c mode] used to analyze the p]asma 1eve1 data fo]]owing‘

| .oan ora] dose.: F1gure 33 111ustrates»the two compartment pharmacokinetic |

“mode] scheme for the ana]ys1s of plasma 1eve1 data fo]]owing multip]e oral

'1d051ng The equat1ons describinq the p1asma 1eve1 according to the tWO '

'proposed pharmacok1net1c models were: used to pred1ct the p]asma level

- data and the difference between thepsum of the squares of the deviations ‘_: -

dbetween the exper1menta] data and thewdata:predicted

-} cordin to art—-'--
ﬁb 9 P

1a1cu1ar mode] was compared A 'two compartment pharmacok1net1c mode1- was

‘found to adequate]y descr1be the pharmacok1net1cs of ethosux1m1de in f

Vats fo1low1ng s1ngle ora] adm1n1strat1on Though this mode] 1s rea]ly

' 'hone compartment, it 1s usua11y referred to as a 'two compartment mode]

in most 11terature because of the absorpt10n and e11m1nat1on processes

. 1nvo1ved in the pharmacok1net1cs fo]lowing the oral dose Therefore,-»_ft i

~in th1s study this one. compartment pharmacok1net1c model has been

ff-_fdescr1b d as a 'two compartment model for the ora] b]ood 1eve1 datai .ﬂr;j_:],".

Ihe 1ntegrated equations deSCr1b1ng the p]asma leve]-time re]a_e ;fff;tf,vﬁh 1

ut1pnsh1p fo]low1ng an 1ntravenous dose 1n two compartment open mode]_f*f;?b*V-*‘“

S (Equat1on 14) and that fo]]oW1ng ora] dose 1n one compartment open S

N

o mode1 (Equation 7) were proper1y def1ned 1n subrout1ne 'DFUNC' of the ‘;/j'j»ff,*’

¥

proqram 'NONLIN"(Metz1er, 1968) LR o
CcAet + BBt _‘ (m{

Cc | ﬂa_o_., ~(’ -Kt “ ’_'ﬂé"‘?t,\‘,.' T RS & T
L (Ka-K) PR S e e ﬂ ffﬂfff'f':lgi'Ff A
”Where Cc ‘; the p]asma concentration of drug at tine t L e

A and B"= The y 1ntercepts on semilogarlthmic p]ot of the »
E plasma concentrat1on versus time (F1gures 16 and 19)

Fast diSpOSltlon rate constant

e 5
". \

=y
- n

S1ow d1spos1t1on rate constant
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t = time; _
; = fraction of dose absorbed.
Ka ='absorption”rate constant.
K = eiimination rate constant.
A vinme'of~distributionrh" ‘ .
The'initiai estimates of o, B, AB"and E%-é Ao~'Ka‘and K were deterf'i _

mined oraphicaiiy as i]]ustrated in Fiqures 16 and 19
The 1n1tia1 estimates aionq with upper and iower 1imits of the
-estimates and observed vaiues of Y the piasma concentration and X

A“the time were read into an IBM 360 computer throuqh subroutine

- ‘_'DFUNC (Fiqures 34 and 35) which ca]ied the main prouram and

"_'performed the 1terative Teast’ squares fittinq of the piasma 1evei—;
~time curves Tyoica] dioitai computer simu]ation and pharmacokin: 13‘
etic parameter estimations are shown usino the plasma 1eve1 data of

' 'Rat 1 from_TgA

Vttial estimates of pharmacokinetic parameters and the
j%utine SUMARY which summariies the best estimates of

:tants and narameters after the iterations converae
”]-the_aff; f;n for converuence was defined a]ona with the data input
that ;3n the sum of squared deviations between the observed |
f3idand;cafﬂ atep data nornts 1n subsequent iterations was 1ess than f;.
0. 01% of the observed va1ue the prooram converqed Fiqure 37 shows

:g[the output of subroutine 'EIGEN' which computes the eiqenvaiues

'? data throuqh subroutine 'DFUNC"° Fiqure 36 shows the f

8

19 A 1 Fiqure~35 shows the 1teration part-which fo]]owslfl ’

_jinetic parameters tooether with other~der1ved pharmaco- ff;::7 o

"f7and eiqenvectors of the correiation matrix of the estimates This -,jji{ﬁf'
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F1gure 34

Lo !
SLUROLTINE DFUNCUT.loJeK,FyVAL) 2

-

TsO CCMPARTMERTAL OPCN MOREL FRE RAFID IV (NMJECTICN -

CCMFON NP oNC NIV ACENITSNTP, RWM, 1P, 1Ty 55,8
CLrNFON PL(32)., (ON(P).IH(IO)-NPT(IJ).V(IOI.IDIG(10)

CCFVIN NAMF , LQL(T-LQEO-TtST'CCL

COVVEN YPES(‘CO)-X(SOC)‘DV(CCO)'h(l(C)-VCALC(APﬂ)

IVENSICN Pl vaL(L), NAur(lol

TrE fDLLOthG DEFINES THE FLNCTlﬂg FCF ULFéD

P1=F (1]

‘p2=p(2)

pP3=((3) .

paz=F(4) .. i . . .
0C=CON(1) L

xT=x{1)

E1ZEXP(-P24yT)

E2=EXP(-PasXT)

T=PI*E1+PIeER

¢c 10 zoo’

o .

NATA TV

THE FOLLO'[NG STATk“fkTS PQOVlDt CaLCULATFC PAIAD[YEP‘

.

1FLIP-9) Ao.ao.dc
TKl'((PZ‘PQ)‘(PIOPJ)DI(Pl'FAOP“FZ)

TK2= ((P14FE3) s (P~ Fzlntz)/((Pxopsrt(Pltcaop=ns2))

TK 3= (F1#Pa¢FIsF2)/7(PL4P3)
TKa=DO/(P14F3) .

TKS2 (TKASTKZI/TKY
1K6=((TK2‘DC)/(F2 pb))t(f‘ Elh
IXA=T*TK4
rxcz(—kLcc(.S)/DA)leo,

. ALC=(PI/P2)0(P3/PAI

,hFlTE(6.l) TK!;TKZ.TKJ'TKA XS

FcnwAr("'x U ETLb et KCTE ¢ F7. 6,8 KTCS

X'vIt= *,F12,1) :
,-F!Tt(b.z)!ue.Txe Txo

FOFWATC'OT =9 F15,1,% OC =¢,F1€ 130 THF=",

wEITE(643)ALC :
F0R~AT('Auc- CeE1S.1)

"wF7.Re* V(=

WHERE P17 IS A P2 IS ALPHALFIIS b.Ba 1¢ BETA,NC
TK1 IS K,TK2. IS KCT,4K3 1S KTC TG 18 VCyTKS 1S VT, TKE 1S DT

CTKB IS CCeTKS 1S RALF LIFF

FETURN . .o . '?;

. END R o LT e

IS

£10,3)

1S DUSAE

o]

TaE1Z,1

Pt 'NONLIN' subroutine 'DFUNC fer the two compartment
pharmacok1net1c mode] fo]1ow1nq 1. V dose.ﬁrﬁ,;-
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1nformat10n is only useful for see1ng 1f any linear re]ations—exist
| among the estimated parameters and 1f there are too ma;y[parameters 1n I
the mode] being fitted F1qure 38 depicts the output of subrout1ne |
'COMPUT' which uses the best estimates of the parameters and the 1nde- Aﬁ .
- pendent variabfe X value of varfous time intervaIs) to compute the
"predicted va]ues of the plasma concentrat1on as YCALC and performs
various statist1cs on the observed and calculated values A value of |
iR Squared close to 1 and a corre1at1on coeff1cient va]ue close to 1,
| 1nd1cated exce]]ent fit. Figure 39 shows the output of subrout1ne
_f'PLOTN' wh1ch makes a plot of pred1cted p]asma concentrat1ons YCALC
'.'as we]l as observed p]asma concentrat1on YOBS versus X the time |
'V1sua1 1nspect1on of the graph was a]so used 1n judqing the qua]ity of ,‘i o
~the f1t Subrout1ne 'DFUNC' for digita1 computer simu]ation and para-_f‘”;"'
:;,meter est1mations from\p]asma 1eve1 data according to two compartment ffh;v,ft;"
.open model (F1gure 32) fo?]owinq ora] dose areshown 1n Figure 40. - .
__P1asma 1eve1 data of Rat 32 frpm Tab]e A-9 has been used to 111ustrateidﬁ};”

’f-,the d1q1ta1 computer s1mu1ation and the parameter est1mations 1n the -

case of oral blood 1eve1 t1me data Figures 41 - 44 111ustrate the

U output of the var1ous subrout1nes discussed under intravenous b]ood

-faleveI data A]] the rate constants and derived pharmacokinetic para-“'

-tmeters frun I,V and ora] blood 1eve1 data reported 1n this study were5>f~7;m

'2-;jdeterm1ned for each animal data as described above by non 11near

| D1g1ta1 Computer Teast-square 1terat10ns Equations 15 - 25 were usedrfgfr

| '-~fto ca1cu1ate the derived pharmacokinetic parameters for the schene

A.:shown m Flgure 32 The symbols are deﬁned 1n Appendix B
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T METABOLISM ?'

.a.‘ In Vitro MetaboTism

Six male W1star rats- ranging in weiqht from 320 to 350 g were used
'jin this experiment Three rats were injected with 1 mT of phenobarb-

1taT sodium (12 mg/mT) for three consecutive days a procedure known to
npromote enzyme induction in our Taboratories (Coutts personaT commun-‘

- ication) The other three rats served as controTs Each rat in the o

o two groups was kiTTed by decapitation and the: Tiver was quickiy

7 nof'removed freed from the gaTT bTadder washed in T 15% ice coid potas-

ISium chToride soTution and bTotted The washed Tiver was weighed and

| '-.homogenized w1th 4 voiumes of ice cg%d 1; 15% potassium chToride soTution

" in a stainiess steei Waring bTender The' homogenate was centrifuged

- > at 9000 g for 30 minutes in a refrigerator centrifuge at 4°c " The ;57 o

':>supernatant was separated and 4 mT of the supernatant was used as
"source of enzyme N Q.ﬂfiﬁf'. K, L S ,. ].,f['__'ﬂ;' . |
‘ The supéﬁhatant (4 0 mT) and 5 mcM NADP 50 mcM gTucose-S-phOSphate,iiffe
«,25 mcM maqne51um chToride and 100 mcM nicotinamide was placed in eight
| iTOQ mT beakers 0. 5 mT of a soTution containing ethosuximide (1 mg) i
,”;was added to four of the above eiqht beakers- 0 5 mT of phosphate buf-_i r.:7f;

E fer (pH 7 4) was added to the remaininq four beakers which served as.
"‘controis The beakers were incubated aerobicaliy at 37°C in Dubnoff .
.;pmetaboiic 1ncubator for 30 minutes The contents of four control |

"{fbeakers were pooTed and so aTso were the contents of four beakers c°"‘ﬂ .;a,~‘1l

'75ftainina ethosuximide 8 mT of 20% zinc sulphate soTution was added

'“i'e,to the pooTed incubaUIllnixtures to precipitate the proteins After

vifive minutes of standing, 8 mT of a Saturated Solution of barium hydrox-;‘f"bt""

7:ff jide was added drop-wise and shaken The contents were transferred to 5Tfﬂhf‘3ig5t



o extraction o}”

132

centrifuge tubes and centrifuged at 9000 g The supernatant_was'extrac-

ted with ch]oroform under a]kaline conditions (pH.ii) toiiowed by-

-

Hzf,queous 1ayer w1th chloroform: under acidic conditions

. (pH 7). Th} 1fayers were finai]y neutraiized with conc.

ammonia;and; fth ethyilacetate A portion of the supernatant

,eiyzed for 30 minutes 1n a boiiing water bath f:._‘;,.

-'witth }Bcwac1d and extracted with ethy] acetate
| 5'eutra1 basic and pOSSibie hydrolisates of conjuga
:;porated to 50 mc] and 2 mci was injected into the gas

;:der the conditions described previous]y for ana]ysis o

| b

In-Vivo Metabolism Studx

Two hours foiiowing the oral administration of ethosuximide (40 mg)

t'-'}»-'__,,or methquimide (40 mg) or phensux1m1de (40 mg) to three Wistar rats ﬁfff7 }:ff}f

"7f”i_were extracted fro% 5 mi of piasma and anaiyzed 1n the manner described

""ﬁiiserved as contro]s

| f{iO mi of biood was coliected from each rat by heart puncture into a -

';jheparinized syringe and centrifuged The drug and the druu metabolites ;fd_;sjﬂi;

Ex“ﬂunder in-v1tro metaboiism study B]ood sampies from untreated animals Ej;“'
‘ Forty mq of ethosux1mide was administered oraiiy to 3 maie Nistar .
:irf_rats weighing approximately 300 g The rats Were p]aced in individuai __j~? N

i “. .



' the usualgmanner

metabolism'caues with'water but no food. Urtne was collected for
48 hours, _pooled, and stored in a refrigerator until requ1red for

ana]ysis A port1on,of the urine was analyzed for free drug accord-'

: 1ng to the ana]yt1ca1 procedure described previous1y Another portion

of . urine was hydro]yzed for one hour on a water bath 1n the presence

Tof 6 N HC ang-extracted with ethyl acetate and chromatoqraphed 1n

-

The 6LC method employed in this 1nvest1gat10n to detect metabo-,'.:
| lites of ethosux1m1de d1d not revea] any peaks due: to. metabol1tes

Both an in- V1vo and 1n vitro metabo11sm study fa11ed to show any

metabo]1tes of ethosux1m1de w1th the ana]ytica] procedure emp]oyed

It appeared that phenobarbital pre treatment of the rat d1d not 1nf1u-"j;'

ence the 1n v1tro metabo]1sm of ethosuximide using 11ver homogenate

“'prepared from the treated an1mals The PLC peak for ethosuximidi 1n_r;

V;hb1ood and ur1ne extract or 11ver homogenate extract d1d not show any |

| ", Ideht1f1cat1on of metabo]ite by GLC-Mass SQSctrometry was not success-;tf:n.“fffi

'fflful due to on co1umn absorpt1on of the mater1a1

'],cedure

,f1ncrease 1n the amount of ethosuximide fo]]owing the ac1d hydro]ysts

‘\a‘

A metabollsm study of methsux1m1de both 1n-v1tro and 1n vao

. ta

']3.3"

o of the bTood t1ssue or ur1ne samp]es prior to the extraction pro-_tifﬂf;gv:'

‘_revealed presence °f a. mdtabol1te peak with reteht1on time of 8 minutes,"q-:' B

o Two peaks due’ to netabol1tes were observed 1n the\plasma extract u_;l_rk7ﬁ

‘Y’fitas we11 as. 1n the 11ver homogenate extract of phensuximide Th'd¥‘

‘ iretent1on t1mes were 6 8 and 12 2 minutes respectively Two simi]ar

ff,h~peaks were also observed in a 1n-¢¥tro metabo]ism study Attempts to yj"ﬂ' d

"':*;.coiumn absorpt1on of the metabo]ite v=.]*f7

5-’1dent1fy the metabo]1tes by GLC-Mass Spectrometry fa11ed due to on



10. 'CO_MPARATIV_E ‘PHARMACOK‘INETIC_S_TUDIES_ OF SUvB._STI'TUTE.D SUCCI'NIMfﬁES -

The plasma concentrat1on time prof11e of ethosux1m1de methsux1mide.'

or phensux1mide was determ1ned fol1owing 1ntravenous 1n3ect1on ‘into
rats. as’descrlbed under blood 1eve1 studies The p1asma level data
‘was ana]yzed us1ng program NONLIN (Metz]er, 1968) as described above -
to.determine the best estimates of the various pharmacok{netic para-.

meters

Structural“SimiTarity between"a'number'of'anttconvulsant drugs :

‘1nc1ud1ng ethosux1m1de methsux1m1de and phensuximide have been - shown

in F1§hre 3 prev1ous1y

P]asma 1eve1 data on ethosuxlmide fo]lowina 40 mg I V dose to -

'rats 4 -9 s presented in’ Tab]e A 2 andATab]e A-3. The p]asma 1eve1 ,‘;

" data for methsux1m1de fo]]ow1ng 5. 6 mg I Vg_dose 1s presented 1n L

;-‘Table A 7. Tab]e A 8 11sts the p]asma 1eve1 data for phensuximide

134

N f°1]0W1"9 8.4 mg I. V. dose In1t1a1 est1mates of the various pharmaco- L

mk1net1c parameters accord1ng t9 a two compartment open mode] fo11ow1ng

IV dGSe (F1qure 31) were determ1nedﬂgraph1ca11y from the b]ood 1eve1 o

"-data as descr1bed prev1ous1y (F1gures 16 17 and 18) The best est1- __,':'”

’ “.mates of var1ous pharmacok1net1c parameters and dezpved rate constants

. auwere obta1ned from the ana1y51s of b]ood 1eve1 data accordinq to a .'t”~:"‘"

T two compartment open model us1ng dtgita] computergﬂeast squares
- 1terat1ons as descr1bed ear11er Table XXVII lists the estimated
vat'pharmaqok1net1c parameters and der1ved rate constants for the three

"_nsubst1tuted succin1m1des f,ff;;fffvffdd,s]: g:ft;h-“fﬁ‘QRZf-_ff*7’t'
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Y

;’The success of any phannacokinetic study depénds on'the avail-

ability of a sensitive reproducible and rapid analytical procedure,

-which is specific for the drug under study Gas liquid chromatographic :

(GLC) methods have been extensively used for the analysis of druq and/or

‘their metabolites in bioloqical samples, because of their simplicity, o

B ‘SGHSlthlty, speed of analysis and reproducibility A modification
" of the GLC method of analysis reported by Dill et al (l965) was- used
. for thesquantitative determination of ethosuximide methsuximide and

phensuximide in blood, urine and tissue hoquenates in this study The

method was relatively simple with hiqh deqree of accuraqy and speed of

analySis " The method was also specific for each of the drugs studied ’»”l

under the specified conditions of analysis The method was capable

| A of identifying and quantitating the three druqs Simultaneously but

this technique was not used in this study The method was sensitive |

enouqh to determine as low as 0 l mcg of druq per ml!of a sample, .

although in practice ‘the blood level analyzed was not less than 2 mcg/mi
. Amonq the seven stationary liquid phases screened to test their t‘a i

suitability for the analySis of succinimides 3% OV 225 on chromosorb

N (Aw DMCS) solid support was found to be the best OV l OV 25 and
V- 2l0 thouqh used by some workers were found to be poor with respect
to peak resolution ahd the time required for an analySis Greater -

deqrees of tailinq, peak broadeninq and long retention times were S

: observed With these columns when compared with XE-BO or 0V-225

Although the separation of the peaks on an XE-60 column was. Similar to -;7i

that obtained on an OV 225 column some tailing of.ﬁhe peaks was ob-~'
served with the former column Thisginterfered_with the accurate o

o

- 137
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d »,determination-of the peak area, ”Therefore; OY—EZS:wasvse1ected énd.:'
used 1n this study .‘A ' "' : K ’; - ,A; | I
| According to the p]ate theory “of chromatographic separation the _;‘;
‘deqree of. resolut1on of the. fndivfdua] components of a mixture 1s : ‘
"directly proportional to the number of_ theoret1ca1 p]ates present per -
unit ]enqth of the co]umn The numberﬂof theoret1ca1 plates calcu— lf
"‘lated for a 3% ov- 225 coTumn at a 11near gas’ ve]ocity of 40 m]/min o
':was 1555 Th1s number is considerab]y sma11er than 5000 plates recom- g}‘h
mended by Heftmau1(1961) for eff1c1ent separat1on however exce]]ent |
d peak reso]ut1ons were obtained for ethosuximide methsuximide and ,_
: Phensux1m1de a]onq with their respective interna] standards under the 'gi L
:icond1t1ons 11sted in. Tab]e I \A' R L '_ i
F]ame 1onization-detect1o (FID) was chosen because of’its greater
"sens1t1v1ty for detect1ng sma]Eer amounts of the druq as compared with‘ff_"“:”.
.. the. therma1 conduct1v1ty detector It was found difficult to detect | N

Tess than 100 mcg of. the drug using a. therma] conductivity detector,ffvf'*-'

”(TC) but the Peaks obta1ned with the useof TC detector were quite ii[A55<‘.---
‘. sat1sfactory for quant1tation {f L L R
.\ | Us1ng the column and the conditions estab]ished 1n Tab1e I the |

"pf°°ed“re was. “Ot on]y reproducible w1th the same 1nstrument but also h;:“‘]f
- ,was qu1te reproducib]e w1th d1fferent 1nstruments The retention times”ld'zh‘
°f the druq and 1ts 1nterna1 standard were reasonab]y short perm1ttinq'--”v'" B
:the ana1y51s of a large number of samp1es per day On an aVErage foT-u{ S
.‘1ow1nq an, extraction procedure, the time required for the ana1ysis of .fhf'g'

hfone samp]e was less than seven minutes .Q_r7;~
[ . . ) SRR



"‘by trianquTation and by an

L. was made | .f ;’;3’“;;.;5?~7*15.*5J5"w, 1'*lff»~fiihfi'tgihi°ﬁ‘
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The- peak area of the drug and internaT standards was: determined
)

eTectronic intearator. A Tinear reTation- '

"-ship was found between the peak area ratio (drug internai standard)
"and the known amounts of the drug The\\\suTts of the triangu]ation‘.';:'“
. method were quite satisfactory, but it was time consuminq It was
. 'aiso found dtfficuit to aecurateiy determine the peak area if the
'detector reSponse went off the recorder paper, which often happened : i‘
Twith the unknown samples since the attenuator settinqs, that wouid ;T‘A
.keep the detector response within the chart paper, were difficuit tonhti_a
;'estimate accurately Thus a particu]ar an tysis had to be repeated if]ff
: more than once which Timited the number;ofqanalyses performed withinj |
?a qiven time . The difficu]ties mentioned above were overcome by theffa*T; 8
_:_ use of an eTectronic integrator which accurateiy and reproducibTy "
’ "inteqrated the.area under the peak even when the detector response ,
| i went off the recorder paper The eTectronic integrator printed out | _f;f;ff“V
- the peak areas aiong with the retention times for. the peaks.:.,h:{ilr~:':““A”'N
5’.-measurement was not oniy fast but aiso with the retention tines being ‘
fprinted out there was no mistaking the identity of the peak beinq e
| ‘i:measured from the extracts of the bioTOgicaT sampies amidst extraneous .
;_"peaks which occa51ona11y appeared The resuit was processed aimost .

| ‘=;51muTtaneouigy W1th the emergence of the. peaks before the next injection

o= dimethyi -8B -methyi succinimide has been used conmoniy as an

'ttiinternai standard for the GtC anaiyses of ethosuximide by a. number of

"”i'fworkers (DiTT et. aT 1965, Buchanan et ai.. 1959.. So]ow and Green.

"51972) ThTS chemicai 1s expensive and not readiiy avaiTabTe., Kieijn

;_»f,et aT (1973) used naphthaiene as an interna] standand for the assay y“
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of-ethoqulmidefvbut it was found'unsultable here“:because'of its -
dlfferent extract1on propertles in comparison with the druq Ne""

- screened several orqanic compounds in search of an 1nternal standard-

'and found blphenyl to be an excellent 1nternal standagd 1n terms of o

o extract1on propertles and retentlon t1me Therefore, b1phenyl was

'rﬁ;assembly permltted extractl

used as the 1nternal standard for the analysis of ethosuxlmide 1n this
.study /Phensuximlde and methsuximlde served 1nterchanqeably as the -
"i‘1nternal standard for the analysls of each other. - . | , i

| Chloroform was found to be a good solvent for the extraction of
‘m the biological samples The extraction

| B
‘; of 40 samples at a tlme wlthin 20 m1nutes

. a;the drugs under acid pH fr

i.The absolute recovery of e :osuximlde methsuxlmide and phensuximide .QV i
‘eifrom var1ous biological sf.ples ranged between 96 < l07% »b |
_ Direct extraction of;the drug from the tissues blood or urlne |
;lsamples using chloroforj as 2 solvent was very successful No i"te’-;albsj;’:"
:;:fering peaks were founglin the chlorofonm extracts of the blood urine B

“-or tlssue homogenates. Solow and Green (1971) converted ethosuxinnde

"T;»;:to an N-methyl deriVative 1n a flash heater before extraction but

9

S N
' ~:the procedure seemed to be tlme consuming wlth no advantage 1n tenns

s 7irfof peak resolut1on and analysis t1me and was not used

The prec1sion of the assay following the extraction procedure, %A:.f'~»”

| ~affexpressed asa coefficient of the variation of the mean of lO consecu-’rf e

4”:5?“t1ve determ1nations was found to be 2 02% No deterioration of the

-*”lflstoraqe 1n a refrigerator for three weeks

';drug was observed 1n the blood urine or tissue homogenate samples

':fostored at roon temperature for‘24 hours befbre analysfs or followlnjh

_/

b
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~_‘_was found to be very . eff1c1ent and reproducib]e

R

~ Calibration curves for éthosuximide methSuximide andrphensuximidev'

,;_did not. change to. any 51qnif1cant extent when the calibration curves -

were repeated at 1ater dates

In genera] the GLC procedure for the ana]ysis of these succrnimfﬁes

A, iimited biood ieve] study of ethosuximide was reported by Hansen

f(1954) DIl et a] (1955) and Buchanan (1969) Biood ievei stud

S on phensuximide and methsuximide are relatively few. A methsuximide f,';a,fi“

' plasma ievel study foliowing an oral administration of

M -methsuxi-; : o

f'mide was reported by Nicholis and Orton (1972) and phy51oiogica1 dispo-iiy”;nltff

l ‘Sition of phensuximide was reported by Glazko et a] (1954)

h‘?fsystematic pharmacokinetic study of succinimides could be found in the

1'»A11terature Isoiated reports were found foilowing orai administration imif'

1 =i;but no attempt was made to ana]yze the blood 1eve1 data accorddng to

'--lithe pharmacokinetic concepts._ Riegeiman (1970) has pointed out that

. ;estimation of pharmacokinetic parameters usuaily results which can be g:_-_tc_

45.“misiead1ng from a therapeutic standp01nt ~;?":ft3 ﬁ;;;;f‘ﬁ?*~s7ff -

i”;fexponentiai deéay of the plasma 1eve1 of the drug fo110wing intravenous

jin absence of intravenous blood 1eve1 data a significant over or under

. -,.’ . S

I“ this StUdY each one of the three succin1mides showed a bi-p;_;f"”‘

*'ﬁfadministration The faii in the p1asma ieve] of ethosuximide was very

';i'rapid for the‘%;rst haif hour foiiowed by a very sl

,_ecreasevinwthe___

'5;1piasma levels The fa11 1n plasma leveis of methsuximide and phen- i

Fllisuximide was. aiso rapid within the first 40 minutes fo]lowing the L
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7intravenous d051nq, foi]owed by a. reiativeiy fast decrease in piasma
:1evei over the next three hour period No change in the shapes of the
"'piasma 1eve1 curve was found for ethosuximide at the four dose ]eveis -
studied Since piasma ieve]s of ethosuximide methsuximide and phen— :_'
,'suximide decreased biexponentia]iy, the. piasma ievel data was analyzed
accordinq to a two compartment open pharmacokinetic mode] scheme A

-iinear reiatipnship was found between the zero time piasma concentration,ifj’j.

- fo]iowing the intravenous dose of ethosuximfde and the administered

.;dose 1"dfcat1ng the absence of dose dependent kinetics for ethosuximide,iﬁif7':

aw1thin the dose range studied A wide intrasubject variation 1n bio-v Ty
"1oqicai ha]f 11fe was found in the rats simi]ar to that reported in .

. -man (Waqner, 1973 ) hOWever in most ofxthe rats ethosuximide had a th"'
'nta:bioiogicai ha]f 1ife between the range 12 < 18 hours which is in agree- Sowi
' fment with the findings of Dil] et ai (1965) The large variation in

h;}bioiogicai ha]f 1ife of ethosuximide in rats may be due to individuai ;f7~:h}:
.‘variations in’ the rates of metaboiism of ethosuximide N

Iab]e XIV 1ists the pharmacokinetic parameters of ethosuximide as ti: gf'v

in:ra function of dose The apparent voiume of distribution did not changerpi L

A"'i'ﬁ° any: significant extent A iow va]ue of B the siow disposition rateiffgff;fz

m.}constant was found at iow dose ievei of 3-mg which cannot be expiained fiij,\g

:*;'It may be due to inter animai variation. or to some disease inpthe ratSth(?fV

h_though the animais appeared heaithy The rate constanteKtc; is iarger“:rijpf"}f

:fngthan Kct indicating a rapid return of the drug from the/peripherai

'*uffffrom the centrai compartment, yet the bfo]ogicai ha}f iife of the drug

f;fcompartment to the centrai compartment for eiimination.“ The ratiovB/K,?:;:"{hu'd

fesrshows that over 50% of the drug in the body is availabie for eiimination 4_&‘&f;

' J‘“.:;-ZIS iong This observation is an indirect indication-o.,a ,,very Siw
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rate of metaboiism of ethosuximide or possibie extensive tubuiar

_reabsorption of ethosuximide or both The possibility of the 1ong |

- haif life being due to extenSive tubuiar reabsorptioﬁ was examined

. in the urinary excretion study under the infiuence of chanqing urinary S

..pH s and under the infiuence of inhibitors of tubuiar transport mechan-._.

T

isms, and wi}1 be discussed 1ater

© Table XV shows the pharmacokinetic parameters of methsuximide and

| ”:phensux1mide i Con51derab1w higher vaiues of the rate constant Kct ?:f-‘

were found for methsuximideg~n comparison with phenSuximﬁde indicating

R the qreater tendency of methsuximide to partition into the peripheral
‘ compartment which 1s consistent with the high lipid solubiiity
‘hcharacteristics of the druq (Nichoiis and Orton 1972) _;.1f'?, ‘.1h:¢1fd{

Though the eiimination rate constant for phensuximide is smailer

.lthan the eiimination rate constant for methsuximide, the biologicai

-'”n‘:half iife of methsuximide was fbund to be siightiy 10nger fian the x;;w”%”'

*J:bioiogicai haif 1ife of phensuximide This obserVation may be explained

'l“;7we11 distributed aii over the body as seenffr’ﬂ

"ffweiqht The intravenous studies indicated that the phannacokinetics

y ?7;1n view of the fact that a greater percentage of phensuximide (almost
"«"_ddoubie) 1s avaiibbie 1n the centrai compartment for elimination than _
‘ﬁ[“methsuximide asjseen from the vaiue of rate constant Ktc and the ratio, };fniﬁ'

s B/ Ethosuximide methsux1mide and phensuximide appeﬂr t° be fairiy

the va}ue of the appar- :'1

L

"f}ent vo]ume of the central c0mpartment which was over 50% of the body

»ﬂ'of the succ1n1midek can be accounted for by using a two compartment
I N;pharmacokinetic mode] B L

1{i_l Ethosuximide was found to be absorbed rapidly foiiowinq the oral

dose of the so]ution to the rats There was very 1ittle difference



in the area under the p]asma level t1me curve, fo]]owinq 1ntravenous \anv o
or ora] dos1ng with ethosux1m1de Th1s 1nd1cated a]most comp]ete .‘:‘ | 'l\_/ ‘
u absorpt1on of the drug from the GIT of the rat with an 1n51qnif1cant |
;f1rst pass effect The maximum b]ood level was reached w1th1n two -'f
: hours foTTow1ng the ora] dos1ng of ethosux1mide to rats and was sim11ar
'to that reported in man (Buchanan et a1 1969) The variations 1n the
'Avalue of the absorptlon rate. constant Ka found 1n the rats were com- - f}giéyﬁ.
'parabTe wnth those reported 1n man (Buchanan et a] 1969) The fraction;h":i‘
';of the dose absorbed per vo]ume of distr1but10n FD/V in the rat, was

'_ 2 - 3 twmes greater than that reported for man (Buchanan et a]., 1969)

‘:{This d1fference appears to be due to the d1fference An the dose (mg/kg)

fﬁf}therapeut1c management of a patient 1n terms of dose scheduTing

"adm1n1steded to the rats (dose Tn man 10 mg/kg, in rat 80 mg/kg), and
‘_hposs1b1e d1fferences in the volume of distribut1on The reported b1o- g~' -
- Tog1ca1 han/41fe of ethosuxim1de 1n man was 2 - 3 t1mes qreater than |
| :”that reported 1n the rat which may be 1ndicative of the greater capacttyﬁa.:.

o of rats to metaboT1ze ethosuximide than ‘man. i'i B H, o

| The OraT b]ood Tevel study indicated that the pharmacokinetics

»:fjof ethosux1m1de 1n rat were quite similar to man except in terms of
:";metabolism rates Therefore with certain necessary correction factors,‘{;fhffiff

7vthe data from rats may be pro;ected to man or rats coqu be used as

.k;ea modeT an1ma1 for the noutine qua11ty control of ethosuximide form-: ,h’f‘fs7""

},i u]at10nS V“tff f“ﬁb'%if”;‘ff5ftaqr 9,:>f‘5f;3;f77f'tffﬁiw7'fyl'-’ |
| KnowTedge about the effect of successive doses on the p]asma Tevels f[t R

'T;-f0110w1ng a mu1t1p1e dosingrof ethosuxim1de may be quite vaTuable 1n ‘{?;} S

fo;Phannacok1net1c fandwngs from a sing]e dOSe b]ood Tevel data have been

‘:7used to pred1ct the pTasma Teve]s of drugs dur1ng/chronic administration'st;f:fff]
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(Waqney and Metz]er, (1969)\ Very 11tt1e 1nformatioh was hvai]ab]e

: on the p]asma TeveT} of ethosuximide in man or animaTs foJTow1ng a : g

muTtip]e dose reg1men On the basis of 11m1ted bTood Teve] data, .h,

‘-foTTowing a muTtipTe ora] dos1ng of. ethosuximide 1n man (Haerer et al . a

.11970) 1t was difficult to test the va]idity of the dose regimen used

in the . c11n1ca1 practice Therefore a muTtipTe dose 1eve1 study 1n rat

L was. undertaken to compare the theoretica]ly pred1cted bTood Tevels with

‘::the exper1menta11y observed b]ood Teve]s._ The dos1ng 1nterva1 chosen
V'was 12 hours wh1ch was found to be the half Tife of ethosuximide in a’
number of rats It was. hoped that this dosing scheduTe WOqu not 4ead:5-f
- to excess1ve drug accunu]ation and yet offer s1qn1f1cant 1nformation;ffS
| to eva]uate a pharmacokinetic modeT that may accurateTy predfct the
| 'vaasma ]eve]s during a muTt1pTe dose regimen The pTasma TeveT was f’
rifound to reach a p1ateau after the fourth dose (48 hozrs) The pTasma'ff'-;o*:
';levels dur1ng the steady state ranged 1n three rats between 60 - 90;f;~i |
| mcg/ml Haerer et aT (1970) have reported 40 mcg/ml bTood concen-.-"-gmt o
o tration of ethosuximide in: man durinq chronic administrat1on FoTTow—Eﬁtftf?:f
r11ng the discont1nuation of the dose the pTasma TeveT dec}ined RV

"monoexponent1a11y as 1n a singTe dose with an 1nsign1ficant change 1n

= _fthe ha]f Tife Th1s f1nd1ng 1ndicated that ethosuximide was not 11ke1y

"F»“;to 1nduce 1ts own metaboT1sm during the mu]tiple dosing wagner and

"itMetzTer (1969) have 1nd1cated that for most pnactica] purposes a one

'i compartment pharmacok1netic mode] cou]d be used wtthout sign1f1cant

':;serror for predlcting the pTasma TeveTs durinq-mu]tipTe dosing }Anfl},;ifﬁil*':F

. ffiattempt was therefore made to predict the pTasma TeveTs of ethosuxi- .,j

S mide Jn rats fo]10wing a mu1t1p1e dosing schedule on the basis of the

“ f:ffpharmacok1net1c 1nformat1on from a sing]e dose b100d level study

BN
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usinq a 'two and a two compartment pharmacokinetic modeis MuTtipTe
.4dose caTCuiations were made with the heip of ‘the computer program
| reported by Niebergaii et al. (1974) Both a ‘two and a two compart-
nglrment mode1 were found to predict much higher biood Teve]s of ethosuxi-
mide in rat than was observed experimenta]iy after muTtipTe orai dosinq _._' |
;(the vaTueJof K in the two compartment modeT was assumed to be the same |
h.as B).. The predicted vaiues according to a 'two' and a. two compartmeht

. :modeis with K = 8, were very ciose as was shOWn by Nagner and Metzier

: (1969) but- according to equation ]7 K = K:B in a two compartment
o

.- open mpde] Therefore it was feit that K couid not be equai to 8 and

o 'fthe differences found between the observed and predicted p]asma Teve]s

; Eg‘may be explained in terms of the actuaT values of a, B and Ktc frbm a

'Singie dose intravenous study Indeed it was found that the two com-
I.e_partment modeT using the rate constants o, B and Ktc predicted piasma
ﬂ_ieveis which were very ciose to the observed pTasma TeveTs '"
| If one assumes the reai therapeutic pigsma Teveis to be 70 mcg/mi
<Jin Figure 21 which coqu be achieved experimentaiiy with 40 mq ethe-..v
'fsuximide given every 12 hours, the predicted blood Tevels according to

fia two compartment open modei wouid be above 150 mcg/mi The experimenter - f“v

‘.,v![ might thus be tempted to reduce the dose which may actuaiiy resu]t in g@r ‘jfi

I"ffsubtherapeutTC biood leveis. The resuits of this study indicate that

:“#piasma Tevei predictions according to a 'two compartment ooen modei for '}Tii

f;f;;ethosuximide, in absence of the pharmacokinetic parameters from intra-

>venous biood Tevei data may be dangerousTy misieadinq The bTood ieveT

i“};eydata reported by Haerer et ai (1970) in- O"e °f their s"bJGCts was

"“f,fcompared with the predicted biood Teveis according to a 'two compartnent

T /-
';y;f open modeT usinq the pharmacokinetic information from the siane dose




. according to a one compartment open modeT in subject 1. Figure 22

b _ 147

blood Tevel data'(Buchanan et al., 1969), Figure 22 shows the extrémely -
Targe d1fference between the observed and predicted bTood levels _-'i
‘clearly shows that, while the observed pTasma TeveT of ethosuximide o
~in man foTTow1nq mu]tip]e dose regimen (250° mg t.i.d. oraT) for two

:months was 40 mcg/mT the predicted bTood TeveT accordinq to a 'two

' *compartment modeT was cTose to 300 mcg/m]

, Since the vaTues of Ka, the absorption rate constant and FD/V,,
.the fraction of the dose absorbed per voTume of;distribution in rat
and man were found to be comparabTe it was reasonabTe to assume that
“the d1sp031tion rate constants Kct and Ktc 1n man may be simt]ar to |
vthat in rat. Therefore using the Kct and Ktc vaTues from the rats and [1~
- tHe vaTues of Ka and FD/V from man the pTasma TeveT was pred1cted in |
.subJect T, accord1ng to a two compartment pharmacokinetic modeT Thedﬂ”v
.va]ue of the - rate constant B, was the reported vaTue d? K fn man accord—_- | §
: ing to a two eﬁmpartment open modeT (Buchanan et al., 1969) The predicted;'.frj.
| vaTuei accord1ng to a two compartment open modeT cToseTy agreed with s

served bTood TeveT 1n subject 1. A comparattve Took at the m,,fﬁ»

T

‘the o

'pred1cted po1nts actord1ng to a two compartment open modeT and the
;lobserved po1nts 1n man and rat (F1qures 21 and 22) may Tead one to
'*isuspect that ethosux1m1de on muTtipTe d051ng must have 1nduced its :"7

;:.own metabo]1sm wh1ch was responsibTe for the observed Tow p]asma TeveT;‘ :

’vHowever the fact that the ha]f T1fe of ethosuximide d1d not chanoe on “'_elr e

- mu1t1p1e dos1ng in- tﬁe rat suggests that such an- 1nterpretation 1s jfgjf;_f; |

'?t.jfnot poss1b1e The 1mportance of the intravenous data 1s ev1dent for f’; o

'."'the pred1ct1on of bTood Teve] foHowing multiple dosind W‘jth_.&the S

D!

e e e e
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actual plasma 1eve1 data from mu]tipie dosing and the plasma level
'data:fo1lowing the}disEOntinuation“of the dose tt nay_be!possible,to

| calculate Ktc and Kct values using digital conputer,iterations. iit

| appears hgwever that one needs ‘a two compartment open nbdel to accurate--

ly.predict p]asma‘concentrations,of ethosuximide in' rat and man, during

a multiple dose regimen.

Certain“pharhaceltieal'adjuvants affettuthe‘svstemjciavai1ability,',
- of some'druqs betause'Ofiphysiea1'or'physieobthemiea1 1nteract1onsdbe;}
tween the drug and the adJuvants It was reported that when the |
'adjuvant ca1c1um sulphate was rep]aced by lactose 1n the formu]at1on |
vof d1pheny1hydanto1n capsu]e an excess1ve 1ncrease 1n bioavai]ab111ty ‘.‘
was found, wh1ch resulted in severe tox1c1ty (Tyrer et al 1970) :

| has been proposed that dipheny1hydanto1n fonned a comp]ex with the°

| ca1c1um sulphate diluent,. me;ing 1t 1ess ava11ab1e and hence the dose

.-schedu1e fo]lowed with the o1der fonnu]ation ‘was safe, however without

‘any 1nteract1on between 1actose and dipheny]hydanto1n the who1e of the 11}
: _”'dose in the formu1af1on was absorbed 1ead1ng to the observed toxic o
‘u‘_._effects fo]]ow1ng the old dose schedu1e with the new fgpmu1at10n -itftth
| ._.f1s a]so known that certa1n OTC products 11ke antac1ds when taken con-Ht».th7{i;;f
: "com1tant]y W1th tetracyc]ines, affect the systemic avai1ab1]1ty of x{fax>%»
e

1'f'tetracyc11ne due to 1nterference with the absorption process Since :

;no 1nformat1on was avai]ab]e on the bioavailab111ty of ethosux1m1de ‘iﬂrfnf'““ =

. :51n the presence of some pharmaceut1ca1 adJuvants and antacids the jiojf PN

S o IR
,-current study was undertaken Mean values of var1ous pharmacok1nettc P




rparameters ca]cu]ated, accordinq to a 'two' compartment pharmacokinetic
.mode], from the blood 1eve1 data of ‘each formu1ation are tabu]ated 1n

'Tab]e XXI,

The maximum plasma concentration (C . ) achieved with each form-

‘max
ulation does not vary to any significant extent; however Cmax values
‘were considerably lower for ethosuximide in: the presence of olive oil

N7 . _ .
and ca]cium chloride, ~Significant reductions in the fraction of the

dose absorbed per vo]ume of d1stribut1on FD/V was found in the presence

of ca1c1um ch]or1de ca1c1um carbonate olive o0il and activated charcoa]
‘A cons1derab]e reduct1on in the value. of the-absorptlon‘rate constant
- Ka, was found in formu]at1on containinq o]ive oi], or ca1c1um chloride

and in the ZarontmR Capsu]e contents A sh1ft 1n the T the tinm

%)

7to reach maximal plasma concentrat1on fo]?owing the oral dosinq of the :'

rats was, observed for the Zarontin capsule. formulation (capsu]e con- "
tents), the ethosux1m1de fonnu1at1on conta1n1nq calcium ch]oride and
the ethosux1m1de formulat1on in the presence of act1vated charcoa]
Approx1mate1y 3 hours lag t1me was observed in the absorption of etho-"
'sux1m1de for the above ment1oned formu]at1ons Plasma ha]f 11ves for

ethosux1m1de 1n the presence of. methy]ce]]u]ose act1vated charcoa]

olive: 011 and ca1c1um carbonate cou]d not be est1mated accurately

149
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2

within the t1me period of this study (12 hours) because of the 1nf1u--—a

"ence of'jont1nued absorpt1on on the e11m1nat1on curve Some variatlons
in ha]f 11fe were observed w1th some. formu]ations but 1t cou]d not be

the effect of fonnu]at1on, since the formulation variab]es do not

'1

‘1nf1uence the e11m1nat1on processes The variatlon may be due to w1de

'f.1nter subJect var1at1on among the rats.v The w1de 1nter-subJect

R AR
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variation of bioioqicai haif 11ves in man supports this exp]a-
nation (Wagner, 1973b), that the variation in Ty observed in somei‘d
formulations could not be attributed to'formuiaéion variables.

A 51gn1f1cant reduction in the value of the area under the piasnm
Tevel time curve, AUC (a measure of the extent of absorption or systemic :“
avaiiabiiity), was foundlfor"the ethosuximide,formulations containing.

i activated charcoai,kcaicium}carbonate, calcium ch]oride or magnesium
"‘trisiiicate Theipercent systemiciavai1abiiity'of'ethosuximide for

the formulations studied is shown 1n Figure 24. A statisticaliy
51gnificant decrease in the systemic avaiiabi]ity of e!hosuximide

Voccurred in the presence of a soiubie caicium chioride Sait and in the
;presence of ca1c1um carbonate which may become soiubie in the acid

gastric medium but 1nsoiubie tribasic caicium phosphate did not in-fdl
fiuence the systemic avaiiabiiity of ethosuximide Magnesium trisilicate,r'
_an antac1d containing a divaient metai was aiso found to reduce the : |

' avaiiabiiity of ethosuximide but the . antacid aiuminum hydroxide ge1

which has a trivaient metai present did not affect the percent systemic ”

avaiiabiiity of ethosux1m1de - The infiuence of the so]ubie ca1c1um saits

and magne51um triSiiicate on the avaiiability of ethosuximide cannot be - |
%expiained w1th certainty, but one may specu]ate that _sqme weak comp]ex -
fbetween the soiub]e caic1um and magnesium 1ons and ethosuximide may be e.fbfh :
; respon51b1e for the observed influenee Subtie differences in the i .

: :covaient atomic and ionic radii (Ca 1 4, 1. 97 0 99 Mg 1 3, 1. 6

0. 65 Ai- 1. 18, ] 43 -0 5 A ) of caic1um magnesium and- aiuminum may
b be respon51b1e for the observed infiuence of these ions on: the systemic'

‘avaiiabiiity of ethosuximide




*

In view of the sma11 number of subjects used 1n this- study. no de-
finite conc]us1ons can be drawn reqarding the inf)uence of the antacids
maanes jum tr15111cate or calcium carbonate on’ the system1c avai]ability
of ethosux1m1de however the study does 1ndicat§khhe fo1lowing facts:

,1) The concom1tant admin1strat10n of magnesium- tr15111cate or ca]c1um
carbonate contatninq antacids with ethosux1m1de may pose some possible
drug,1nteract1onlprob]ems tn terms of the drug b1oava1]ab1]1ty, .

2) AIthough activated charcoal reduced the extent oftthe absorpt10n of . -
ethosux1m1de, its Va1ue in the tox1co]ogica1 treatment of poison1nq from

'ethosux1m1de is doubtfu1 in view of the rapld absorption of ethosux1m1de,

‘3) Ca1c1um tr1phosphate may be a poss1b1e adJuvant for’ the soTid dosaqe

formu]at1on of ethosux7m1de, and 4) The commercia] capsu1e and syrup form- )

1u1ations are equa11y avai1ab1e§ _ o
: A * R * Tk

In view of the fact that ethosux1m1de is neq]1q1b1y protein bound
s very 11tt1e metabo]ized has a 1ong ha]f llfe of 60 hours in man,
v 22 hours 1n monkey and 12 hours in rats, and s excreted unchanged 1n
: the ‘urine to the extent of 13 - 19% (Chanq et al 1972), a, study of
the ur1nary excretton k1net1cs of ethosux1m1de was undertaken 1n an -

attempt to understand the cause of ‘the 1onq half life of the druq It R
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- is recoontzed that pH dependent ur1nary excretton occurs for many dis- flJ{ .

A:soc1ab1e drugs of pKa between 3. O - 7 5. for ac1d druqs and between pKa
7.5~ 10,5 for bas1c druqs (M11ne, 1965 Orloff and Ber11ner,‘1956
o 'Astatoor et Al , 1965 Beckett et a1 1965) “ :

- The resu]ts of the urinary excretion of ethosux1m1de under the .(f_'“

5._uncontro]1ed thealakaline and ‘the actdic urinary pH S and under the

—

:'_1nf]uenCe of probenec1d an 1nh1bitor of tubu]ar transport mechanism, f,f.

s
R
. Ll
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- are shown in TabTthXVﬁ The values of e]imination'rate}constants K,
determtned from the urinary excretion rate verSUSdtime‘plot'and from
the plot of the percent of unchanged ethosuximide remaining to be ex- »
creted versus time were in c]ose aqreement with the va]ue found from
\the b1ood level versus time p]ot The cumu]ative amount of the unchanged '
ethosuximide excreted-tn the urine was. ne1ther_1nf1uenced by}the changes i::
ih the urfnary pH;under the acid'or the‘a1ka1fne treatment'Anorjby the |
| ‘tprobenecidvtreatment A 51gn1f1cant reduct1on in’ max1mum urinary excre-
tion rate of ethosux1m1de was found 1n rats pretreated with ammonium :
'ch]or1de (urine pH 5 - 5 5) The peak excret1on t1me of ethosuximfde
'varied cons1derab1y under the various pretreatment cond1t10ns A 1ag
time (peak excret1on rate t1me-—.peak p]asma concentrat1on tine of most
'ava11ab]e formulat1on) of about four hours was found under the acid and 5f';.1} ”
- the . uncontro]]ed urine pH and a 1ag time of about four hours was observed |
d1n the absorpt1on of ethosux1m1de under the probenec1d treatment. The
vur1nary excret1on rate constants, Ku computed from the y 1ntercept of
- ‘the sem1109ar1thm1c plot of excretuon rate versus(§1me p1ot and that : ?E>» .
‘»‘computed from. the re]at1onsh1p CKu o= ( ) K/FD Were simi]ar }Agi‘-;'t’:: }?,
.,very 1ow value for the excretion rate constant Ku was observed under | - |
pa11 the treatments A s1gn1f1cant reduction in the va]ue of urinary
{excret1on rate constant -Ku, was a]so found in animals pretreated with

}sod1um b1carbonate and anmon1um ch]oride. In 1ight of the pH-partttlon :;

o _hypothesws 1t 1s d1ff1cu1t to exp1a1n the observations cited above be-

"ge.cause between pH 5 - 8 ethosux1mide wou]d be v1rtua11y unionized
”-:(94 - 99 9%) It 1s more 11ke1y that the urinary excretion profi]e of
:’t ethosuxim1de cou1d not be 1nf1uenced by changinq urinary pH A very fi~% f-fdﬁ'

o
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’;1ow c]earance va]ue of 2. 4 m1/hr was also found for ethosux1m1de -Thef- .

percent of the dose excreted unchanged under the four treatments stud1ed
. did not differ s1gn1f1cant1y at 95% ]eve1 of conf1dence accord1ng to. the

N ana]ysis{of varnance for a comp]ete randomized design, and according to-

: pthé student %‘test“ ‘0n1y 10 - 17%'of the administered.dose‘of'ethOSuki- o .

m1de was excreted unchanged 1n the urine wh1ch is in- agreement with the

A reported va]ue of 13 - 19% excretion in man, monkey and rats (Chang

be attr1buted to extens1ve tubular reabsorption S1nce probenecid the

tubu]ar transport 1nh1b1tor d1d not have any 1nf]uence on the percent .

»of unchanged drug excreted 1n the ur1ne tubu]ar reabsorption must be
a’ pass1ve process The apparent sign1f1cant1y 1onger b1o1ogica] half
life of ethosux1m1de under the alka]ine and the acid ur1nary pH con-._-

| d1t1ons was W1thin the range of the 1ndiv1dua1 bio]ogical ha]f life

':,flet al. ]972) Therefore the Tow clearance -value for ethosuximide could ;_',‘.'

o var1at1ons Thws study 1nd1cated that the ur1nary excretion of unchang- hjie-'

ed ethosux1m1de can ne1ther be. inf1uenced by changes 1n urinary pH

nor by treatment w1th probenec1d and that the long half life of the
;'}drugv1s attr1butab1e to s]ow metabo]ism and extens1ve passive tubular
‘:imﬂmmmhon '_ :v"b j< | xe | | ‘;‘ -
; i-: Ethosux1m1de was reported to be uniformly drstributed throughout

R ;the body fo]]ow1ng 1ts adm1nistrat1on to animals (01]1 et a] 1965)

‘tThe pharmacok1net1c analys1s of the p]asma data done 1n this 1aboratory

‘d‘fg:supports thisstatement of. 0111 et al (1965) Following an 1ntravenous

| .;dose of ethosux1mide to- rats some tissues were»ana]yzed for ethosux1m1de

"rb sux1m1de It was found that ethosuximide was unlformly/distributed 1h

N E

:?ﬁfncontent to confirm the uniform1ty of the tissue distribution of etho-. f.~§?“"£



the rat tissues The concentrations of ethosuximide in the various ‘
tissues were quite comparabie to the pTasma concentrations at the
‘.various sampiing times Some variations observed in theitjssue con~.n'

’ centrations .of ethosuximide may be due to the adhering body - f]uid which

";‘hmy have contributed additionai amounts of EthOSUXimide to the tissues :

'~'ana1yzed The tissues were not. washed for fear of washing out some of

.the ethosuximide The tissue Teveis obtained were found to be quite

‘a/bit higher than thosereported by Chang et a1.<(]972) This dfffer_ A

ence couid be attributed to the different routes of administration and
.‘dose Teveis The tissue distribution study reported by Chang et aT |

f;'(1972) was foTTowing the orai administration of ethosuximide whereas

fthe study reported in this work was foTTowing an- intravenous admini-.» H\fl-i’-'

8. )

: 54 _

' stration The concentration of the drug in the whoTe kidney was simiTarff.y

to the concentration in the kidney cortex, indicating probable absence

of an active reabsorption process The ]eve] of ethosuximide in the

| pffat tissue was aiso comparable to the ethosuxinﬁde ieveis in the other

o tissues anaiyzed which c0ntradicts the report of Chang et aT (1972i

The "°‘“‘“e °f distﬂbution of ethosuximide found from the pharmaco- S

If_kinetic anaTySis of biood TeveT data was over 50% of the body weight. j.ifi ik;'

Ff_iwhich further supported the view that ethosuximide was uniformly
) distributed throughout the body f,{';~" RPN

Four pharmacokinetic modeis were tested for their suitabiiity to

| ﬁ_“'fit the observed pTasma ieveT data of ethosuximide methsuximide and
| 1’f“phensux1mide from rats The pTasma Tevei data fo]iowing an intravenous,fi

T-];.dOSing was best described by a two compartment pharmacokinetic modei

'*if{7The computer fit to the pTasma TeveT data according to 2 one. compartmentf:ffffii'
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__apén model'was'very poOr No improvement in the qua]ity of the fit was
.'found With the use of a three compartment pharmacokinetic modei .}: ]
“The orai piasma ieve] data of ethosuximide was best described by
" a ‘two compartment modei according to the scheme shown 1n Figure 32
A two compartment pharmacokinetic nmdei scheme (Figure 33) did not 1m-' o
‘ prove the quaiity of the fit The study confirmed the va]idity of a
two compartment open mode1 for the ana1y51s of the- piasma ieve] data _
.'foilowing the 1ntravenous administration of ethosuximide, and a 'two

‘._compartment modei foiiowing a singie orai dose of ethosuximide however,_,-A

'; the Prediction of the piasma 1eve1 during a mu]tipie dosing scheduie

' awas much more accurate when a two compartment pharmacokinetic mode1 t,

B

-_;was used o - : ‘ 3 | |
| Iterative ieast square fitting Of the plasma level curve with an vﬂifiiemmlff
: :’ap ropriate Digitai Computer Program was the most accurate and fast way |
- for the estimation of various pharmacokinetic parameters and for the
€5t1n9 of the vaiidity Of the proposed pharmacokinetic modeis Over
or under 35t1mat‘°"5 °f Pharmacokinetic parameters by graphicai tech-
- 1n1ques have been reported by Wagner and Metzler (1967) The authors
‘fv';reported that the elimination rate constant vaiues obtained graphicai]y
'.‘.;were 12. _.13% 1ower than the reai vaiues whereas the absorption rate "J;g :J
}4?ifconstant V61UES estimated graphically were 13 - 27% higher than the =
i i Program 'NONLIN' (Metzler, 1968) was found adequate for the iter- ,_4i;,;_4€;
:'tiat1ve ieast squares fitting of a11 blood levei data in this study )
.fjudOnce the 1n1t1a1 probiem of adapting the program to the computer system

n{of the Univer51ty of A]berta in Edmonton was solved, and a iittle ex- ---'

"w“ikperience was qained 1n the preparation of the data deck with the Lﬂffa‘7”
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| i‘subroutine 'DFUNC' the proqranrwas found most efficient and simpie |
to it the plasma 1eve1 data and to calcuiate the derived pharmacokinetic |
, parameters and to test the vaiidity of the proposed pharmacokinetic " .
'modeis e | S e | N -
The CPU time required to process f0ur sets of the blood level data ":
raccording to a two compartment pharmacokinetic mode] was 1ess than ten ;;-
f'seconds 0ver 30 pages were printed with the necessary iterations the :
e statisticai analysis,‘the parameter estimations and the curve fitting
--]within ten seconds The approximate cost for such a run was $1 50
| without the heip of digitai computer program this work could never have
jbeen compieted w1th1n a reasonabie time.. “ : "b v' ‘ o
- Notari (1973) has reV1ewed the methods for assessing structurai
'.éeffects on pharmacokinetic parameters using 1iterature data for peni- r::i§°nld"”
ﬁdorc1111n derivatives The pharmacokinetic parameters and hence the -
if.f}_bioiogicai response, of some drugs can be modified by subtle structura]
v?rchanges Screening processes in the drug design may be optimized through -
“:the pharmacokinetic studies on structuraiiy reiated anaiogs 'f f'ﬂf,'b»‘;f;; mef
| Ethosux1m1de methsux1m1de and phensuximide are c]ose]y reiated ERIEE
'iﬁrpderivatives of succinimide Their structura] differences and structura]
B 1'§re1ationsh1ps to other anticonvuisants have been discussed previousiy
The maJor differences in the pharmacokinetic parameters of etho- 'Jt'i”

2 i ‘ gt
‘:~‘c:suximide nethsuximide and phensuximide were found wi'“‘f_spect to the »,.,_;agai

udfj‘siow disp051tion rate constant BQ and the overal] eiimination rate

;ijf constant K he vaiues of 8 for methsuximide and phensuximide were .
id;dnsﬁgund to be 3 - 4 times greater than the value of B for ethosuximide.}t-flvsﬁ
’fﬁTherefore a better controi of petit mal epilepsy with ethosuximide may

be attributed to the longer half 11fe of‘ethosuximide compared to the fﬂf



- 157
. S /
half Tives. of phenyl substituted succinimides. The overall elimination
'rate constant for methsux1m1de was 8 times greater than the overa]] |

“'._eﬁimination rate constant for ethosuximide whereas the overa]] e11mgn-«-

: “'atlon rate constant for phensuximide was about 5 times greater compared

| “to the e11minat1on rate constant for- ethosuximide This 1nformat10n
‘.L 1nd1cated that a relativeTy 1arger dose of the phenyl-substituted ff: /
.succin1m1des may be required for the contro] of petit ma] epilepsy com- ir; e
.‘pared w1th the dose of ethosux1mide. This specu1ation from the phannaco~-'-: -
| 'dk1net1c data 1s/1n‘agreement with ‘the c11n1ca1 reports according to
'which higher doses of phensuximide are required for the contro] of the
, ’petit mal ep11epsy when compared with the response of ethosuximide 1n Ve
‘“.man,_ The‘f%txo B/K 1ndicated that 58% of ethosuximide and phenstimide u”_;f};..
| ';1n the body and 26% of methsuximide in the body are available 1n the l :
[-hcentra1 compartment at any given t1me for e11m1nat1on yet the biologicaI
‘half 11ves of phensux1mide and methsuximide were found to be shorter ia,&; ;_ff,d
' “fthan the b1o]og1oa] half 1ife of ethOSUximide, 1nd1cat1ng a compara-=p:§f?;g?53f7
o t1ve1y slow rate of metabo1ism for ethosuxfmide The comparison of the ;1ff.:‘

g T;va]ues of Kct 1nd1cated a tendency of nethsuximide to favour the peri-' »jij;f; -~

.gtf}pheral compartment which may be the reason for the slight1y greater

T half. ]1fe of methsux1m1de compared with the haIf 11fe of phensuximide
» I

‘*;IEach of the three succ1n1mides appeared to be we]] d1str1buted throughou'”

‘f}j:the bOdY» based on the1r apparent vqumes of distribution of centra] . ,gfif,;i
}icompartment wh1ch was above 50% of the body we1ght | o : p..

” ,aoa No metabo11te of ethosux1m1de could be detected with the prOCEdUres t‘t?{;}}i

- ?empToyed in th1s study ' It was temptlng to conc]ude that metabo]1sm *

:thfof eth05uxim1de 1s neqllqlb]e 1n Support of the ear]1er Peports ._;'p]ffff?fff;



. by these authors usinq a derivatization technique and other invoived
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(Di]i et a] . 1965) however it was rea]ized than an extensive anaiytica]
'methodoioqy has to be emp]oyed to conc]ude with certainty that ethosuxi-r_
"mide 1s not metabo]ized Further it may be necessary to attempt some
'»derivatization of p0551b1e po1ar metabolites before GLC ana]ysis | '
Therefore, the metabo]ism study was set asnde unt11 the complete pharmaco-_f-
‘~}kinetics of the unchanged drug were compieted Durinq this period ,
A.fh.Horning et a] (1973a)reported the 1501ation “and 1dentif1cation of four |
-:2‘monohydroxy metaboiites of ethosux1mide in the urine of rat and man

h;'fSeverai qiucuronides of monohydroxyethosuximides have also been found

”»gxseparatative techniques Thus the 1ong bioloaica] ha]f 1ife of etho-v o
bSuximide may be due to extremeiy s]ow rates of metabo]ism This is also
‘fsuqqested from the pharmacokinetic parameters of ethosux1mide Meth-.a w

:f'suximide and phensuximide are known to undergo rapid metaboiism ."
'i-Parahydroniation of the pheny] substituent at the o-carbon and N-‘ B

;)'demethyiation of methsuximide are the maior routes of metaboiism

| »l’iNichoiis, 1972 Dud]ey et a1 1972) In-vitro and in-vivo metabolism

"_{studies 1ndicated two metaboiites of methsuximide and one metabo1ite of

. 7fphensux1m1de though we could not, positiveiy, identify the metabolites

‘ ﬁrdue to. on’ coiumn absorption of the metabo]ites in the GLC—Mass Spectrometerﬁhﬁi

"1‘A7The coiumn that we used regu]ariy in the ana]ysis of biood leve]s of

Z‘fg;methsux1m1de and phensux1mide was usua]]y saturated with the metabo]ites, «'}ft

L

:f}rhtherefore the metabo]ite peaks tou]d be seen on the reguiar trace but

"fhbthe regu]ar coiumn used in the. routine analysis did not it the GLC-Mass f;iii;

B ftﬁ"Spectrometer unit The unchanged druq, beinq in hiqher concentration

| ‘than the metabolites, were. eaqigy identified as: parent druq by GLC-Mass }]f}bfi

e et



_Spec'trornetry The spectra obtained from the plasma extracts of the
~anima]s prekus'ly treated with:the drug, were 1dentica1 with the -
: parent druq spectrum and. with the pubHshed spectrum (Locock and Coutts, : .
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aal
The foi]owing conc]usions and recommendations for further study
can be made from the resu]ts of this study which was the basis of this |
-thesis. |

Conciusioh | '4 o S

/

i - A gas- liquid chromatoqraphic procedure was. deveioped for the
} anaiysis of ethosuximide, methsuximide and phensuximide in biood
.urine or tissue homogenates of rats ,;., . Q
2. The method deveioped was accurate sensitive reproducib]e and
.'rapid L e | -
7'_3.‘,Ethosuxim1de was not bound to p]asma proteins A
'54} A two compartment pharmacokinetic mode] was found to accurateiy
]'describe the piasma ieveis of the three drugs foiiowinq an 1ntra-jfb7
_— -.'Qf.venous 1nJection o S - ':
| .”5;; A pseudo one compartment pharmacokinetic modei described the' '5 ;34
' p]asma 1eve1 of ethosuximide fo]iowing orai dosing L ‘.‘ |
6.v The . absorption of ethosuximide from the GIT of rats was rapid and“¢.7
| -"“compiete “There were marked individua] variations 1n the absorp-i_i:
I'htion rate constant ot the drug The absorption rate constant wasfhrf
T 'found to be approx1mate1y 3 O/hr which was simi]ar to that repdrted
'-l j1n man ,' ; , . -A,‘ L ‘ ”e .. o :
- 77;ﬂ The eiimination rate constant for ethosuximide in rat was about
l'd..three times iarqer than that reported in man :" d ‘; “' i
.‘hEthosux1m1de did not show dose dependent kinetics within the dose 5ff?f".

.range of . 3 mg to 40 mg (8 0- 120 mq/kg) [
uh”z¥fsf7'c[tff'{t”ti}f@“f
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'relat1ve1y slow rate- of metabol1sm ,,""_ “1un/ ]

..

The absorpt1on of ethosux1m1de from GIT of rat was reduced 1n
presence of olive oil, act1vated charcoa] and ca}cium and mag-

es1um jons,
Y

AThe‘systemic availability of“ethosuximide.from Zarontin syrup;'
. Zaront1n capsule. and ethosux1m1de so]ut1on dose was similar to the .
ava11ab111ty from.an 1ntravenous dose, ‘however the system1c ava11- |
-ab111ty (over ]2 hours) of the drug was. s1qn1f1cant]y reduced in :

,the presence of so]ub]e ca]c1um and magnesxum jons and 1n the

presence of act1vated charcoa1 -and oT1ve oil.

The use of act1vated charcoa] in the treatment of acute poison1nq

fast absorpt1on rate of ethosuxim1de ,'g& : R
>1E11m1natron of ethosux1m1de cannot be 1nf1uenced'by control of d‘
'ur1nary pH w1th1n the range 5 O - 8 3 orvby treatment with an

- 1nh1b1tor of tubu1ar tgansport mechanisms

The 1ong b1o]oq1ca] ha]f Tife o;}ethosux1m1de 1n rat appeared

to be due to extens1ve passive tubu]ar reabsorpt1on°'and a
)

d

'.P1asma 1eveﬂs of ethosux1m1de dﬂr1ng mu1t1p1e dose req1mens ,

o can be accurate]y pred1cted botb 1n rat and man by computers

'~'rthe drugs return back to the centra] compartment from the per1- ﬂ~f5

R pheral compartment for e11m1nation

" of d1fferences 1n the1r rate§ of

'_us1ng a “two. compartment pharmacok1néﬁhc mode1

j'meth5ux1m1de and phensux1m1de in rats can be exp]ained 1n terms e

&

hetabo11sm and rates at wh1ch

..°

oo
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"due to ethosux1m1de may not be successfu1 because of the extreme]y ;.

N The obs'lved d1fferences 1n the pharmacok1netics of ethosux1m1de, :n.f"

SRR S
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7.

Methsuximide and phensuximide are metabolized faster than
ethosuxtm1de by the rats. | |
Thes]tght1y longer half 11fe of methsux1m1de compared to phen- |

sux1m1de may ‘be explained 1n terms of a faster return of phen-

J

'.sux1m1de from the per1phera1 compartment to the centra] compartment

The return of methsux1m1de being affected by its greater affinity ;?“

~ for the per1phera1 compartment than ethosux1m1de

Recommendatxons for Further Study ' B R ”_ael"

1.

" |
Systemat1c study of the partition1ng behaviour of ethosuximide, ff_h

methsux1m1de and phensux1m1de as a functlon of pH A
Study of the influence of other ant1convu1sants on the pharmaco—

k1net1cs of ethosux1m1de ' h, .»_f o - : '@;r

: Inf1uence of the coadm1n1stration of ethosux1m1de methsuximtde

and phensux1m1de on - the/pharmacok1net1c propertﬁes of each drug

..\

dur1ng a mu1t1p1e dose req1men ' : “-;‘"j | \\._1

Study of the pharmacokinetics of the,metabO]ites.of the#three§druQsL o



e



165

| REFERENCES R -
R B b‘ o . » : ' .
: ANTON' AH. (1961) . Drug-induced change in distributlon and renal

excretion of su]fonam1des J “Pharmacol. exp. Ther.,
- 134,291~ 301

‘ASATOOR A:M., GALMAN, B.R., JOHNSON, J.R. & MILNE J D. (1965).
‘ The excretion of dexamphetamine and its derivatives JBr. J.
Pharmaco] Chemother,, 24, 293-300. _ b

BARR, W.H, (1969) Factors 1nv01ved in the assessment of system1c

S oor bnoToq1c availability of drug products: - Symposium on -
formilation factors affecting therapeutic performance of .~ - .
drug products . Drug- Inf Bul] _3_,27 45 .

Taw

BECCARI (1938) D1str1buzaone det Fannac1 Ne]l Oranismo
' Teorie E Controlli. Sperimentali Biochemici E Farmaco]og1c1
‘Arch,- Int Pharmacodyn , ‘58, 437 477 -

©BECKETT, AH., ROMLAND, M. & TURNER, P. (1965). Influence of furinary
‘ ' pH on ‘excretion. of amphetamine. Lancet, jJ303 T L

BECKETT, A.H. & TUCKER 6. T, (1967) Problems inuthe ]n-yfyg eva]ua-
o t1on of drug ‘preparation and.the interpre tion of jn yjyg:
~data. Js ‘Mond. Phann ;1,180 2 o S

"BECKETT AH. & TUCKER, B:T. (1968a).. App]ication of the analogue o
’ computer to pharmacok1net1c and biopharmaceutica1 studies with
amphetamine type compounds.( J Pharm Phanmaco] ZQ 174- 193 '

BECKETT A.H. BOYES R.N. & TUCKER G T (1968b) Use of the
o ana109e computer to predict. the distribution and excretfon of
drugs under conditions. of f]uctuating urinary pH J. Pharm
Pharmaco] 20 277~ 282 SN ST

- BERLIN N 1. ‘BERMAN, . BERK P D g PHANG, J.M. & NALDMANN T A _'T:’”
' (1968) -The app11cat1on of mu1t1compartmenta1 ‘analysis to S
prob]ems of c]1nica1 medicine Ann Intern Med., 55 423 448 ; o

| a”BERMAN M. (1965) Compartmenta1 Ana1ys1s 1n Kinet1cs In Computersbin{? :
. in Biomedical Research. : Ed. Stacy, R.W. & Waxman B.D., o
-~ Vo].‘II, L 173-201 New York: Academic Press. SRR

B BERMAN M. (1969). Kinetic Mode]inq 1n Physio]ogy FEBS Letters, -
4 _z,sse $57. . S L

- ;BMD X85 Seraes (1969) From Health Sciences Computer Facility,.} fﬁnh*
' Univers1ty of Ca11forn1a at Los Ange1es R R

-k;mwm B.B. & HOGBEN, C.A.M. n%n SMEWﬁNmmmm]ﬂ&ws |
- i drug acf1on . Pharm Pharmaco]., 9,345~ 380 o

‘-remMMNRA FERNANDEZ, L. & KINKEL, Aw(ww) %mmumam{;w

e11minat1on of ethdsuximide in children J C]in Pharmaco]
9, 393 398 . TR R



166 .. .

'BUCHANAN, R.A.; KINKEL, A.W. & SMITH, T.C. (1973). The absorption =
excretion of ethosuximide. Int, J. Clin. Pharmaco1 _Z 213-218,

CHANG, T., DILL, N.A._-&'GLAZKO,.A.J.p(1972) Ethosux1m1de absorp-
- tion, distritmtion and excretion. In Antiepileptic Drugs.
. Ed. Woodbury, D.M., Penry, K. J &'Schmidt R.P., PP 417- 424
<.New York: Raven Press ,

CHEN, G., PORTMAN R., ENSOR, G. R & BRATTON A C (1951) The-
ant1convulsant act1v1ty of a-phenylsuccinimfdes *J. Pharmacol.
exp Ther , _Q§ 54-61. v ‘ S S

CHEN, G., WESTON, J.K. & BRATTON, A.C. (1963) Mnticonvulsant
activ1ty and tox1city of phensuximide methsux1m1de and etho--
- sux1m1de Ep11epsia _4,66 76 - .

"T'DAVIES D.S. & PRICHARD, B.N. C (1973) '"B1o]oq1ca1 effects
of drugs in re]at1on to their p1asma concentrations "
| | New York Macml11an.;. o L -
E ‘;DENGLER H J Ed. (1970) ‘-“Pharmacological and c]inical gnificance_
: -~ of pharmacok1net1cs " New York Verlag - '55? ‘_" o

DILL, WA, PHH%NL,\WMGT &GMNOAJ (1968). Physfos o

~ ' 1oq1c disposition of a-methyl-a-ethylsuccinimide (ethosukim1de, R L
ZarontinR) in“animals and man. ‘American Chemical Society, - - -
149th Nat Meeting, Detroit Mich April 5- 9 Abstracts 30N,

"DITTERT L.W. & DiSANTO, AR, (1973). The’ bioavailability of drug
products J. Amer Pharm..Assoc ;' 8, 421—432 S

DOMINGUEZ ‘R: (1935) “On the rena] excret1on of urea, Amer Ju-
Phy5101 _112 529 544 N R L

.'s DOMINGUEZ R.. (1950). Kinetics of . e]imfnation absorption and volume o
- of distribution in organsim. .In Medical Physics, Vol, LIz -
. Ed. Glasser 0 , pp 476 488 Chicaqo Year Book. Pub]icatfon

DOST F H. (1953) A In Der B1utsp1ege1. DP 41 254 Leipziq Verlag G MBA
S
D.I.B. (1969) (Drug InfOrmat1on Bu]]etin) Symposium on formu]at1on [~j]

S e factars. affecting Uherapeutic performance of drug products
Drug Inf Bu]]., 3 3-117 Ay - ,‘1.3:_, ,{

',iin_DUDLEY K:H., BIUS, D.L. & GRACE, M.E. (1972\ Metabol{ic fﬁtes of

. N‘MEthy7‘a-phEnylsucc1n1mide (phensuximide ‘Milontin) and of = - .
o a-phen;lsggc1n1mide in. the doq J Phanmacol exp. Ther ._».sv“
180,16 TSR ST T

. 1fEGER E. (1963) A mathematica1 mode] of uptake and distribution PR
A . In Uptake and’ D1str1but10n of Anesthet1c Agents Ed. Papper, - . ¢
JEM K1tz. R, L 72-83 - New York:. McGraw-H111 Book Coz




e S N [ A
. ! i W

PARDNER-THORPE C PARSONACE M & TOOTHJLL C (1971) A com-~
' prehens1ve scheme for the evaluation of anticonvulsant
~ concentrations in blood using thin- 1ayer chromatography
Clin. Chim. Acta » 32,39-47. - . o

GARRETT, E.R. THOMAS R C wALLACH B P & ALwAY C. D (1960)
Psicofyranine: Kinetics and nechanisms in- v1vo with the
app11cat1on of the analog computer J. Pharmacol. exp.

. Ther., 130, 106- 118 e | -

GEHLEN W. (1933) Wirkungsstirke 1ntravenos verabreichter e :
Arzneim1tte] als Zeitfunktion. €in Beitrag zur mathematischen a0
Behandlung pharmakologischer Probleme (The intensity of the -

~-action of .intravenously administered therapeuti¢ agents as a-
function of time. The mathematical treatment of pharmaco- .. -
\1091ca] prob1ems) Arch Exp. Patho] Pharmakol., 171 541-554

FIBALDI M. (197]) Introduction to Biopharmaceutics Ph11ade]ph1a.
: Lea & Feb1ger. SR .

. GLAZKO, A.J., DILL, W.A., WOLF LM .&.MILLER C. A (1954) _ L

s "determination and. physio]ogica] dispositfon of Milontin R

: (N-methyléz-phenylsuccinimide) Js Pharmacol exp Ther., D
1r,413- , R S S

,GLAZKO A & DILL W A (1972)EJ Other succinimides. methsuxim1de
‘ and’ phensux1m1de In Antiepi]eptic Drugs. Ed. Woodbury, D.M.,
. Penry, K. & Schmidt R P vy pp 455 464 New York Raven j;i-xr,ﬂ.

s Press. Sl o ﬂ.'/‘ SRR |
"7if_GOLDSTEIN S N (1968) Deve]opment of safter and more effective :
' S drugs. Academy of Pharmaceut1ca1 Sc1ences Am. Pharm Assn Gy A
wash1ngton D C.. R R _Lx‘_\v,. . ,_Hi s

e HAERER A F., BUCHANAN R A & WIYGﬁL F M (1970) Ethosuximide
. blood 1eve1s 1n epi]ept1cs -d. C11n Pharmaco1., 10 370-374

' HANSEN S E & FELDBERG L. (1964) Absorption and elimination of
- 4;’;75 Zarpntin - Dan, Med Bu]l 11 54 55. ‘,_ﬁ& S

HEFT’%ANN E Ed (1961) Chromatoqraphy.- New York* : Reinho]d

' HOLCENBERG, J)S (1970) C]inica] app]icatfon of the bioloqical
: ~half- 11fe of druqs Northwest Med , 69, 857~859

HORNING, M.G..: STRATTON G.'" NOMLIN, J., WARVEY, D.J. & HILL, RM.- Sy
(1973a) Metabo]ism of 2-ethy1-2-methy]succ1n1m1de (ethosuxi-:;; (e S
- mlde) in the: rats and humans Drug Metab Dispos., 1 569 576 :

HORNING M G BUTLER C., HARVEY D J.. HILL R..MA & ZION T. E

- (1973b$ Metaboiism of N-2-dimethyl-2-phenyTsuccinimide: (meth— »
~-suximide) by the epoxide-diol.-pathway in- rat, quinea’ pia and SR
human.‘~Res Commun Chem Patho] Pharmacol,:‘§,565 578 iﬁfﬁd‘.;'ﬂf

e o

...'g.n-&.%u‘a’ﬁht’
3




168

2 HUISMAN “J.M. (1966), The estimation of some important anticonvu]sant, }j;”,
druqs 1n serum, ~ Clin. Chim Acta - 13, 323 328, , o

JAIN, N.C. & KIRK P, L. (1967) Systematic app11cations of gas- llquid
: chromatoqraphy 1n tox1cology Microchem J., 12, 229 272, .

KAPLAN S.A. (]972) Biopharmaceutical considerations in. drug form—-
“ulation design and evaluation. . In Drug Metabo1ism Reviews, o
Ed. Dekker, Marcel, Vol. 1 15- 33 SO Lo 1__ e o

t“'KARCH s, B (1973) | MethSuximide overdo%e De]ayed onset of profoundr. BT
. coma J. Am, Med Assoc., 223 1463 1465, 1-? o ', o

o LANURAR

: KIRSCHER L SIMON, T.H. & RASMUSSEN C.E. (1973) Analog computer}‘» o
' proqram for. simulatinq variab1e dosinq redimens . Pharm...a o
Sci 62 117+ 121 S e ;(,. v

,*KIRSTEN B & ROSS, /S . M (1972) Circuit for' simulation of mu]tip]e
dos1nq k1net1cs. J. Phann Sci 61 1468 1470 R

EKLEIJN E.V., COLLSTE P s ‘NORLANDER, B., AGURELL S & SJOQVIST F
(1973) ‘Gas chromatographic determination of . ethosuximide and .
phensux1m1de 1n p1asma and urine’ of man J Pharm.}Pharmaco] Q

.25, 324 327 ST T |

:.fKOIZUMI , UEDA, M & KAKEMI, (1973) ' fhe routine fitting of iﬂr71"?
pharmaéokinetic data-to mul 1exponent1a1 equation Chem S
Pharm Bull, 21 2549 2556 _: - e

':';;[”LIVINGSTON S (1966) Drug therapy for eptIepsy,e Ahti—conv&!!!ﬁt

drugs; usage metabolism and untoward reactions p. 69, .
R Spr1ngfie]d I11«~ Char1es Thomas, Inc* o .U_T_v-et.;ﬁffyetsﬁ; -e
"-]ALOCOCK RA: & COUTTS RT. (1970) “The- mass spectra of succinimides ff,?ff‘
co . hydantoiris,, oxazoltdtnediones and other. medicina] antiepi]ep- e

t1c aqents. Orq Mass Spectrom _3 735 745 , ,u_ SLA‘;, RTTE

L KMARTIN B K (]965a) Potentia] effect of the plasma proteins on ‘u’;'ff~f;f :
Do drug distr1bution Nature 207, 274 276 \‘. 3,.,,;1 L PR

MLT_.fMARTIN B:K. (]965b) Kinet1cs of e]iminat1on of druqs POSSGSSinq

s fIMARTIN C.M., RUBIN, M., D'MALLEY, W.E., “GARAGUSI, V.F. & McCAULEY

h1qh aff1n1ty for the p]asma prote1ns. Nature. 207 959 960

. C.E. (1968). Absorption rates vary Brand, generic drugs
'f~_ differ “in man.“J; Am.. Med Assoc iy 205 9 23 40 30 e

'l'METZLER C. M (1968) 'NONLIN'. a computer proqram for parameter ”f;;fﬁflfffff
.7 estimatfon in’ non1inear situations. Kalamazoo,vMi hoe e e
The Upaohn Company v u ) e :

-"‘"AMILLER C.A. & LONG, LM, (1953a) Anticonvu1sants JI_,J:“ ‘
Cef! N,a,B-aIky1succ1n1m1des o Am Chem ‘foc vy 18,




A,",l

ST

ORTON T C. & NICHOLLS . J (1972&1 Effect 1n rats of subacute

169 .

MILLER, C.A. & LONG, L.M. (1953b) Aiticonvulsants V. An investi- .
‘gation of o-(subst1tuted pheny1) succin1m1des J. _Am; Chem.
Soc . Z_ 6256 6258 B , . :

- MILNE, M.D. (1965) Influence of acid base ba1ance on eff1cacy and .

tox1c1ty of. druqs Proc R. Soc Med., 58 961 963

CMUNI, T A ALTSHULER C.H. & NEICHERIL J.C. (]973) ; Identification

of b1ood metabo]ite of- methSux1m1de by GLC-Mass Spectrometny R
~J./Pharm. Sci., 62,1820-1823. © R ek.;

NAHORSKI S. R (1972) Biochemica] effects of the ant1convulsants,

tr1methadione _ethosuximide and ch]ord1azepox1de 1n rat brain. Lot
J Neurochem v 19, 1937 1946. 3 - a T

NELSON E. (1961a) “Kinetics of drug absorption distr1bution meta- O *h'h';
bo]1sm and excret1on J Pharm Sci., 20, 181 192 S AR

NELSON E (1961b) Re]at10nsh1p between the kinetics of the acety]a-,,f‘i‘zv':f
- ~tion and-excretion of sulfathiazole or other sulfonamides: and
the occurrence of crysta11ur1a J Pharm Sci. 5Q 902-915

NELSON E. & KRUGER THIEMER . (1964) Abstract of pharmacokinetic

7 'models and symbols, Antibiot. Et. Chemotherapia 12,viii=xiv, 12»?
‘uagfin, "Ant1b1ot1ca et Chemotherapia." Vol. Ed. Freerksen E
& Karger, S., New York, p. 29. Dettli, L.. Kruger-Thiemer. i

" & Nelson, E. (eo edit’) (1962) CoI]oquium on. pharmacokinetic

< drug dosage ‘Ed. Freerksen, E. & Nelson, E:s Borsteh
-.fAnt1b1ot Chemotherapia 12 1964‘- L

f

NICHOLLS Py, P ORTON T. C (1972) The physio1oqica1 d1sposition . ’;f_;,j;

| ,j of ]4C-methsux1m1de in the rat. Br. J. Pharmacol., A§ 48-59 "
NEIBERGALL 2.0, SUGITA, BT & SCHNAARE, R.L. (1974). Calcu1ation R
o of p1asma 1eve1 VErsus- time profiles for variab]e dosing e
gimens '~ J Pharm SC1 §34100-105 , _ _

NOTARI’ RE. (1971, Bfopharmaceutics and Pharmacokinet1cs. New Yonk' EE

- Marce] Dekker .,“1_A LT L “,:i;iﬁf};{
NOTARI R.E. (1973). Pharmacok1netics and molecu]ar modification ERRR G T
ImPngatgons in drug- desiqn and eva]uation 3, Pharm. Sci e
62,865-8 | ! . Ak

ORLOFF PR BERLINER R.M. (1956) The mechanism of the Excretion ;ﬁ;::;;d;:}_f
of ammonia 1n the dog J. C]in Invest.. 35 223-235 S ;

0 REILLY w Js (1972) Pharmacokinetics 1n druq metabo1ism and ;ixffii”'

tox1cology Can Jo Pharm Sci.. I 66-77

"L, administration of ‘ethosuximide, methsuximide and’ phensuximide ;
“on hepatic microsomal enzynes and porphyrin turnover. Biochenn;;
Pharmacol 2 2253~2261 e e




a0,

L ORTON T C. & NICHOLLS P.J. (1972b) , Porphyrogenic activity of

methsuximide and its demethy]ated metabol1te J Pharm
Pharmaco] 244151 152 o 4 o

| PATEL N.K. & FOSS ; . E. (1965) Interaction of some pharmaceuticals
> with macromoleCUles II J, Pharm, Sci., _& 1495- 1499 '

o 'PFEFFER M (1973) COMPT a time sharing program for non1inear
e regression analysis of compartmental models of drug distribu-
tion, . J, Pharmacok1net Biopharm 1 136 162 o

- K Q : o b.. .
: 'PIPPENGER C.E. & GILLEN, H.W; 1969) Gas chromatographic ana]ysis R
; £ anticonvu]sant drugs 1n b101091C fluids. C11n Chem_»4: '
15, 582-590. g R . - ‘

3 PORTMANN 6.A. (1970) Pharmacokinetics In Current. Concepts in the Lo
‘ Pharmaceut1ca1 Sciences B1opharmaceut1cs. p 2 Phi]ade1ph1a, Ce
CPa.: Lea and Febiger P - el i

| PORTNOFF J B ' SWINTOSKY VL& KOSTENBAUDER H B (1961) + Control ."?1}‘:"7
< of urine pH- and its effect on drug excretion in humans .- I
J Pharm Sci s 50, 89 T R __.”,:1‘ ;ﬁ T

i“'V'PRICE H L. (1960) A dynamic concept of the distribution of thiopenta]ffﬁafpf."?g
N ’ 1n the hunmn body Anesthesio]oqy,_21 40- Prck Sl
'[PRICE H L (1963) C1rcu]at10n ‘General Considerations. In Uptake

~.and. D1str1bution of Anesthetic Aqents.v Ed. Papper E:M. & "
- Katz, R J . pp 123 129 New York McGraw-Hil] Book Co‘:,‘ L

Mass B]aisdel]

‘v*;*A,RAGCIGNO A.-& SEGRE, 6. (1966) Drug and Tracer K1net1cs. Walthan, ;77'77*'"7’3

',f‘RIEGELMAN s Loo 3.CK. & RONLAND M (1968) Shortcomings 1n

pharmacokinetic analysis by’ conceiving the. bod o exhibit
properties of a s1ng1e compartment Pharm _1 117 123

'g'-7RIEGELMAN S, (1970) Pharmacok1net1c ana1ysis Of druq dosage forms

. ”fff,RIGGS DS, (1963) The Mathemat1ca1 Approach to Physioloqica}

"L?;”fRossuM FMY.(971). Stgnificance of pharmacokinetics-

“In Phys1o]og1c!1 equivalence of drug dosage forms pp 13 38. . ,?7?,'
Ottawa Queen S Printer for Canada “_, : L ;__l.ff‘v

Prob]ems, P2 1203211 Ba]timore'f William and wflkins.ggla;,gfﬁirx}f

vaOPER, J.T., RODGERS, &. & soo R (1973) Simultaneous determination
: - of carbamazepine (Tegreto]) -and - other antfconvu]sants_in ‘human -
p]asma by gas- 1iquid chromatography Clin: Chem,,ﬁl,;590 592

,-)1' g

"des1gn and- p]anning of dose regimen, In Drug Desi ,.5‘,}ﬂh";fffgw ERE
~ fE J vo] 7 pp 470 521 New York*- Academic P;_ss. P Tt




177

SCHMIDT, R.P. & WILDER, B.J..(1968). Epilepsy. In Contemporary
Neuroioqy Series 2, LE 159, Phi]ade]phia Pa F A. Davis Co.

! SCHULTE C.J.AL & GOOD T.A. (1966) Acute 1ntox1cation due ‘to meth-r :
: sux1mide -and diphenyihydantoin J Pediatr 63.635 637

JSHERWIN ‘AL, & ROBB J.:p. (1972) Reiation of piasma 1eveis to c]in- -
‘ icai control,. In Antiepileptic Drugs. Ed. Woodbury, D.M., :
Penry, J.K, & Schm1dt R.P,, pp 443-448,  New York: Raven Press

SHERNIN A. L., ROBB J. P & LECHTER M (1973). Improved controi of
' epiiepsy by monitoring piasma ethosuximide Arch Neuro]., A
28 178~181 o . : A . :

f,SOLOMON A K.. (1960) Compartmentai methods of kinetic ana1y51s “In
. ~Mineral Metabolism. 'Ed. Comar, €iL.-& Bronner, F., vol. 1 A,
pp 119-167 New York Academic Press.. o e

©SOLOW, E.B. & GREEN J.B. (197). “The deternination of bthosuxinide in o e
a serum by -gas chromatography. “Preliminary results of ciinical
appiication C]in Chim Acta vy 33 87 90 3(T§ed :

.'SOLOW E. B & GREEN J B (1972) The simu]taneous determination of

e muitipie anticohvuisant drug levels by. gas 1iquid chromatog-
raphy Method and clinicai app]ication Neuroloqy. 22, 540 550

1 i1{SUTHERLAND R (1962) Spiramycin A reappraisa1 of its. antibacterial

, a€t1v1ty Br J Pharmacoi Chemother 9 19 99 110 _"

hﬁiSTEEL R G D.. & TORIE J H (1960) Principies and procedures of T

: /statistics with speciai reference to the’ biological $ciences ‘s ‘;,_q*;e'v“
PP, 99 131, New York McGraw-Hiii Book Company Inc. - ‘

. :'SwARBRICK Jo Ed (]970) “Liirrent condepts ‘in the pharmaceutica] L AL

‘Q<ff_;swARBRICK J.. Ed (1973) Current concepts in. the pharmaceutic

sciences biopharmaceufics Philade]phia Pa.: Lea & Febiqer'f_:j'.i“iﬁdl

-sciences: .dosage, ‘ferm;- design and bioavai]abilityx $1adei- *ﬁ}if:;}f;
.phia, Pa.; Lea & Febigg£ , R

'“7-wmuLT u%n)Kmunswduuwmmnwswummsmmmuwwﬁgjﬁf

.to the ‘body I. The extravascular mode of - administration, Sl
Arch Int. Pharmacodyn Ther v 57, 205-224 L Sl

i fg;TEORELL 10 (1937b) Kinetics of distribution of substances administeredffa;fi'*?

to the body II.. The intravascular:modes. of administration. L P
Arch Int Pharmacodyn Ther 5 57 226 240 :,” ~, K n(;.;i}g;;j?‘?ﬁ =

| J?‘TYRER JH., EADIE; M.J,, SOUIHERLAND IM & HOOPER. W.D. (1970).

Outbreak of" anticonvuisant intoxication in an Austra]ian city
Br, Med Jos 4 271-273

i'if*:JVOSSEN V.R.. (1958) Uber- die antikonvulsive wirkung von. succinimiden

~(on’ ‘the: anticonvulsant effect of succinimide) Dtsch Med
Nochenschr o 83 1227-1230 e

g




*flq'ijSEMAN £.H: WNELSON, £, (1964) . Correlation of invvivo metéb°1lsm
’”:“ﬂ’-’,wroMARK EMP. (1919).  Studies in ‘the. concentratian of indifterent

w”fﬁwmw £.M.P.. & TANBERG, J(WM) wwdmammwmwnmrme

.- ' S ] - : .172
WAGNER, J.G. (1961). Biopharmaceutics Absonption aspects.’ J. Pharm._
s sci., 50,359-387. L LT o

>WAGNER J.6. (1966) Desiqn and data analysis of biopharmaceutical
o studies in man. Can. J Pharm. Sci. 1,55~ 68 .

© WAGNER, J.G. & METZLER C.M. (1967) Estimation of rate constants for
' ~absorption and elimination from blood concehtration data :
. Pharm Sci 56 658 659 . s A .

_ NAPNER J G. & METZLER C.M (l969) Prediction of blood levels after
-multiple doses from single-dose blood level data: ' Data gen-
erated with- two- compartment open model analyzed according to
the one compartment open model J Pharm. Sci 58 87-92..

: :WAGNER J. G (l97la) Biopharmaceuttcs and relevant pharmacokinetics
Hamilton, I Druq Intelligence Publications FR

iNAGNER 3.6, (1971b). The role of biopharmaceutics. in “the design of e
drug products.’'In Drug Design. -Ed: Ariens E J., vol 1, L_;_:,.
pp 451-468., New York Acadenﬁc Press e g ‘\,.=» C

;‘-WAGNER J G CHRISTENSEN M SAKMAR E., BLAIR YATES J D., 'd' o
CUUWILLTS, WL, SEDMAN, A.0% & STOLL. R.G. (1973a7’ Equivalence
lack in digoxin plasma levels ,J; Am Med Assoc , __§.l99 204

i;>wAGNER J. G (1973b) Intrasubjecttvariation in elimihation half llves S
‘ "» of drugs which are’ appreciably metabolized J. Pharmacokinet S
Biopharm ,_1,l65 W3. : N TR

| "-UWEINER M:, SHAPIRO, S., AXELROD, 4, COOPER SR BRODIE, B. B ’f';j‘fjﬁ
E (1950) Physiological disposition of dicumarol in man. d.. .l
Pharmacol exp Ther ».99; 409 420 I t~t“ﬁ””"‘

gatgggnd physical properties of sufonamides J Fﬁarml Sci.,
3 . _ g i

‘narcotics in blood and tissues Acta Med Scand., Sto, (hi6.Tm
52 87 101 Z,vs» : S

o akkumulation indifferenter markoliken. Theoretische

Bereckerunger BiochemilZieig47 ,358- 369 S ~5;5 Tf’;'};;_, ,.i:'

‘IZ”ZIMMERMAN F.T. (1951
, petit mal epfl_

] ZIMMERMAN F. T & BURGEMEISTER, ; .-(‘
' "j; epdlspsy Neurology. 8’769-775

?'henylsuccinimide in treatment of R
‘: P Neurol_\fsychiatry,hﬁﬁ.lss lqz.',*;;.gj

A nw drug for petit mal




o ePENDIX A

s




-
jovs

174

S | .71 3 - TABLE A- 1 | o
B]ood {evels fo]1ow1nq I V administration of 40 mg of ethosuximide to

gg
o ma]e wistar rats

A _ : Bloodu1eVels' , - .
e © Rat:1  Rat-2 Rat - 3
% Time (372°g)* -~ . (410 g) - (380 g)
©. (minutes) = . mecg/ml mcg/ml - - mcg/ml -

20 - Eac . 21840 L 1836
-~ 3.0 S 885 - 2082 1725
N ’A.' 1665 . - 2048 . 160.6.
. CBO st 1925 o 1ss2
s o080 - IsAs 72500 Mo
5 000 . 1349 L1398 1182 o
%00 . sy 2s ;5.1108 5
6000 o M8z 98,80 97, zﬂ;flfl_
S om0 sy e 50 954
S0l o 078 922t o3z
400 LT j98 1 ifﬂf.;_-A 8. 0 g0 B
e 540,00 O ‘;‘:175]1f[ ‘:*j ﬂ:'74”0},?j: L6800 i
S R O o R |

- Height of the rat in grams.
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- TABLE A-2- 'ﬂ%-jig

" Blood level fol]oW1nq I. V adm1n1strat1on of 40 mg of ethosux1m1de

solution to ma]e Wistar rats

-

_ - Blood levels : R
: Rat - 4 - Rat - 5 - -Rat -6

Time. - (375 g)* (400 g) . (a007g)
(minutes) ©«~  mcg/ml .meg/ml . meg/ml =

1.0 . ssse oo S
2.0 2434 284 2492
300 72098 . 2182 2430 -
80 - 1685 2097 - 254.7
5.0 - LoM66.5. - 3s250 2115
B 2 R 17 TS 1 75 RN 10t A
1000 L . sa7 T wlaq.sﬁg.»;._~ 16897
S200. 1348 147.0 -:7. o 145'7‘,- o T
S40.00 129090 . M2e 437
600 . 254 9.9 .104.3 N
L L A % S 20 R B
2000 0780 106, 7 1 f.?fg:_l33.o;f-?"?;4 R

“Weight of the rat in grams.
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| -TABLE A-3 -
‘Blood 1eve1 foT]owing I.V. adhﬁnistratfdn of 40 mg of'ethosuximide. T

§01Utioh.tb‘ma]e Wistar rats R %

| , . 5 “Blood levels S

' ' - Rat -7 + . Rat -8 ° Rat - 9
Time . . (365 g)* -~ (800 g) -  (388g¢g)

(minutes) . meg/ml 0 - meg/ml - meg/ml

200 8.9 o -ee -
30 w220 1523
.40 o 2088 148
5.0 23890 . s,
7.0 o 188.7 . 146,
1000 2104139,
200 - 153.3 135 . .
400 1699 T - 0A9 Lo

. .60.0 . 2954 - o313 - |
B L [+ 2
90.0 - e T e Ty
100,00 0 1279 058 21007
o000 e s e

];O- ; | PRI T f53.9;j,-v',‘  145.5 _—

1227

O - OO v W

[S1]
o
)

o

™~

o

. -

"~ Weight of.the?rat_inngrqms;‘
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. - L N v ’
o o TASLE A-4 - ) ¢
. Blood level following I.V. administration of. 10 mg of ethosuximide
| : ‘ S .

" solution to malg Wistar rats

- ‘ ’ , .~ Blood Tevels. : .
, : Rat - 10 . Rat - 11 Rat - 12 Rat - 13
Tine . {284 q)*  [26% q) (280 g) {282 q) .
(minutes) . mcg/ml mcg/ml mcg/m mcg/ml
> 20 O 2.8 - . - \\\
25 - 54.8 52,4 -~ 531 |
4§o' 67.5 ° - o -
’ L] .
4.5 - . 85.9 49,2 52.2
7.0 4.3 ' . 51,4 55.3" 48.5
9.0 - 170.6 0.7 51.7
11.0 42.2 e - .
12.0 . /0 852 AT 37.9
209 36.1 - - -
22.0 .//, - 830 42,9 139.3
30.0 ~37.0 - - - )
32,0 << . 43,0 37.6 39.3 q
' : W . : “~N v
n.o 3B T - - .
50,0 3.3 - - - -
7 I W 40.4 12.8 -
) 7700 . 317 o+ L . - s g
C72.0° - 33.4 32.8 39.7 |
102.0 - g ;33(9 . 31.9
. I N
105.0 37.5 K RN j> -
1200 - . 3.8 - 34.4
140.0 3.5 . . -
© 160.0 - - ~ 10,2 40.7
180.0 31,2 R 361 31.5
P | . L : ). L : |
. Weight of the rat in grams. - _ R -
. ) 3 .- , ” Q’.‘
—~— )
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| « . &

TABLE A-5 * | Lo
Blood 1eve1 fo]]oW1nq I.V. adm1nfstrat1on of 5,0 mg of ethosuximide

: so]ut1on to ma]e Nistar rats N

o
- _ »

Blood levels F
Rat - 14~ Rat - 15 Rat - 16 RatV 17

Tine - . (348 g)* (352 g)  (272g) (316 q)
(minutes) . mca/ml  mcg/ml - meg/ml - mcg/ml
5.0 9% 28.0 36.6  31.4
9.0 18.8 216" 35.2 25.8  °
2.0 5.8 21 268 19.3
150 6.1 2.7 26.6 18.4
' 30.0 15.4 18.4 24,0 27.8
60.0  ~ 15.1 19.6. . 17.5 14,4
N 1200 140 12,9 17.9 6.8
180.0 147 . 141 . 19.9 RRERE
2400 Y 135 12,6 2.8 191
300.0 144 - 1.8 21,5 . 169 .
5400 0 M2 226 w7 e [
) .o ¢ < - .

* o
Weight of the rat in grams.
N |
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" TABLE A-5 (continued) . ﬁ , | A<\'

B]ood level fo]]owang T.v. adm1n1strat10n of 5.0 mg of ethosuximide -

solution to male Wistar rats .
\.‘ - Blood Tevels o
o Rat - 18  Rat - 19  Rat = 20 - Rat - 21
“ Time . (445 g)* (500 g) (460 g) - (500 g) "
(minutes) ~  -meg/ml . mcg/ml mcg/m] " mcg/ml
1.0 \ 206 . - - o T
2.0 - 0.9 - 17.48 - |
3.0 190 - - L e S
6.0 . 139 - TR -
9.0 4.8 . 10,8 _ 19.8 - 16.2 )
16.0 5.0 M2 M2 133
250 - 93" 0.2 123 100
. 45,0 10.0 - 8.5 11.5 10.8
 65.0 10.3 . 8.4 104 - "10.6
85,0 - 86 106 -
105.0 R T | -
125.0 0.3 . 89 ‘786 - 9.7
145.0 9.4 %4 99 99 K
© %65.0 9.4 - 94 103 0.7 i
185.0 10.9 8.7 106 9
12050 Y - 1007 125 10,9

- *Height of the rat An’ grams’ ,
Samp]e e1ther not co]1ected or 1ast.
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C TABLE A-6 o
D\\\\ B1ood 1eve1 fo]]ow1ng I V adm1n1strat1on of 3, 0 mg of ethosux1m1de

solutlon to ma]e w1star rats .

N\

o B]ood ]eve]s \ L
| Rat - 22~ Rat - 23 Rat - 24 Rat - 25
Time (392 g)* (448 q) ~ (460g) -(4209) -
(minutes) meg/ml - meg/m} . T meg/ml - meg/ml - >

. I —
5.0 a6 127 U 0.000 0 1646
B A X B
LY 1000 - 9.9 - 84
15,0 7 12.3
22.0 8 09
2.0 8 1460 )
6200 8 AT R EE
o0 T 6.8
) | RS
6
6
9
8

8.2

7.5
7.6
6.6
6.5
s
© L 6.9
6.6

02,0 ~ 92
122.0 T19.7¢
142.0- T 16.4¢
182.0 . 23.08%
2820 18.6°

- - Y - : . - . ‘. ‘. -
— N U O O N B s N WO
DN N OO @

WO N W N ® s O

| Weight of the rat in grams f_ | ‘! - f’}f‘i T
cCross contaminat1on from. syrinqe ’ ST

o Sw



TABLE A-7- T

-

Blood level following I.V, administnatioﬁ of 5.6 mg of methsuximide"”‘

solution’to male Wistar rats . . - - 4 fi"i&‘f

) }’ﬁ5 -

o . Bioodiievels’ TS ';} .
L o Rat-26 . Rat-27 . Rat-28 .|
. Time - (800 g} - (4129) W (319.9) - ol
" .b(minutes) - a meg/ml . meg/ml L meg/ml Y
o300 B 7 S |- N T T
Co80 995 32 S 1,61
12.00 L1 T O L N
24.0 - 5.2 | 66 - 45 , . ; |
480 40 0 a2 ST |
- 96.0 o 30 %2 28\
S0 20 Y 2 g -‘..é,‘

~ *Height of the rat in grams.

L I



¢

| ;; ;'A ; _' 'qé@LE A-8

B]ood level fo]]ow1ng I.V. admi%ﬁstrat1on of. 8 4 mq of phensuximide

so]ut1on to, ma]e W1star rats

0

 Raff- 2 -

Time - . (350 ¢

(m'i hUtES) , ’ * v mcg/m'] .

. I N—

:Blood 1eve]

s

~ Rat~ 30 -

(380 q)

- Cmeg/ml -

Rat - 31
- (500 g)
mco/ml

3.0 e 2903

60, - 258
Lo 9 198
v 0 166
480 . 2.8
60.00 . 124

9%6.0 1 . Na
160 L

-

2.2
26.3

- 19.8
16.9
12,7

12,50

109
9.5

v

21.5.
19.1
16.8
14,9 -

BRI KR
SIN5

10.8

9.4

.
-

l .'*Weﬁghtﬁof theurat'1nfgrams;'~'7 -



SN A T
" Blood 1eVel'following oral administration of 40 mg-of‘étﬁosuximidé '
. I | so]utioﬁ to ma1é7Wistar r@fs._, - |  .,‘

L

Blood levels

- o ‘Rat - 32 Rat -33  Rat -34 |
CTime . T (416g)* T (415g) 4 . (416 g)e N\©
;(minqtes) - - omeg/m. . meg/ml T ‘mea/ml

A

AT e
5.0 - - 328 '35 30,6

o180 o 6272 4169 . 483 T

300 7 6489 - 55,78~ 59.35

0.0 8103 725 70,8

12001 13025 0 S8y ML
20,0\, . . Y2728 . 8097 - . 79.4
480.0 96,28 . \73.3¢ - - 855

-~ 700 5944 6259, - 6.8

AN

!

_Weight of the rat.in grams.-
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L TABLE A 10
: B1ood 1eve1 fd{QOW1nq mu]tlple oral dose (40 mg t.1i d')'of'ethosuxi— ,
| AN d-.
¢ mide solutidn administered to male Wistar rat;ﬂ’ '

]

B s ""j»: | B1ood Jevé]s .
> o Rat - 32y~ . Rat -'33 . Rat - 34

Time ¢, Fﬂﬁg%ge*f\‘ (415 g) \ (416 g)
.(houh) : _~9_ me g+ mcq/m] ~ mcq/m1

- 62.6 7.,. 619 .
| B S R
R ",109_ 45.5 i. 21, 3”’" |
. 976 - .70.8 6.0 - .°
- f’;. e AR
| AR .8l 862 T
'S S 66:9, - 796 - - .726 -
9.0 8.9 ,;75;5‘~J;;"‘ 62.6
108.0° .87 759 5*87 5
9
0
6

e

oL 28,
36.
48,
60.
72,

' 9.

o v o » |

.

O O oo o o o . o.

BRI R L ] 28 lsez
65.9 . . - - 79.5

122,00 -, L9, N A S P
305 L T 48

1850 '.”'“il;,r‘ 30,6
* | fweigbf offihé Eat_inLgréms*
" Time last dbse‘was gfﬁén.
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TABLE A-11

, Ethbsuximide'bloodA]eve]s in male Wistar rats fg110wihg dra1'adm1n1stra-
‘tion of Fofmu]étion‘ﬁg (ZARONTINR syrup 0.8;m])“gqu1va1ent-to' ‘

’ 40 mg of ethosuximide -

;/fdil-;." ' . "B]ood‘]eé@]s R STy
T . Rat -3 Rat -36 . Rat-37 .

Time- -(4]0‘@])_* (400 g) (400 e o
(hour) ~ ~ = ‘meg/ml  mcg/ml ~mca/mt

0.5 a7 95 42,52
)0 ., 543 10013 .60.12
LS e2.28 - 107,22 _\. 8.6
20 .o 706 158 | 106,34 .
30N 748 79l V96,5 .
60 .. 768 100,08 . 87.8 - ..
.90 . 68.08. - 8557 768 .
SNt20 0 B63 - 819 6884

W D SRR e . T
. ' Weight of-the :rat in'grams. . ~ . - .- Sy

oA



Ethosuximide

B 2

A

tion bf‘Formu

Y

blood

¥

4le've_js im male Wistar rats following oral édhiﬁistfa—

lation D. -

)

TABLE A-12 o

(ZARONTIN® Capsule contenfs with PEG-400)

Ll

R - "has ﬂ

!é\\g

o

~ equivalent to 40 mg of ethosximide

' (hpur)

Ve

Rat - 38

" (480 g)*

meg/mi

Blood levels . - .. .
Rat - 39 = - Rat - 40
(512 g) . - (42079)
~ meg/ml ~mecg/ml

0.5

1.0 .

1.5
;2;0

3.0

6.0

: ;'930-;:v
120

IR

,;’, R

49,96 -

40.7

41.4
46.22

60.09

- 180.85

Colsa
88.02

<2673 29.96
#4.58 ¥ 45,9
6a.12 . 52%85.

o s.68 . 285
. -85:02. . .86.23

90.07° - 80:02.0 -
e eae
N 68,93 « - 63.29

3

* :?",'ff R C
- Weight of the rat 1nFr'ams.~

[Ea



: | oy N
IABLEA]E)

B Ethosux1m1de blaod - 1ev€15 in ma]e w1sta;§‘r;s fo]lowinq oral administra-
tion of Formulat1on E, (Ethosux1m1de solution cdhtaining 1. 5% methy]-

| 4 \
| C911”7°59) equ1va1ent tOJQQng of ‘ethosuximide ~ -

- L . L ‘Blood levels - ()i"_
S “Rat = 41 Rat - 42 - . Rat =<43"

. Time o (490 g)*. - (512 g) - (520 g)

- (hour) o mcg/m] 7 meg/m) 7 meg/m?

a8 74.8‘, 85 30,33
S o T 83ss - 51,38 0. 4302 -
s was e oso )
2 . eac 1333 sg22
o3 949 7752 . 63.07..
6 .. . 8828 9399 - 6.5
9 ., . 80.05  69.78° . . 69.23
12 69.29. . 6015 - 59.82 :

4 . / . - . N

*Weighilbf the rat in grams .’
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7

TABLE A-14 -

Ethosuximide blood 1evels 1n ma]e Wistar rats fo]]owing o?a] adm1n1stra- :

) twon»of Formu]atwon F,. (Ethosuximide ]utiontébﬁtaininq 10% act1vated

N i 1G4 ! ,
" charcoal) equ1va1ent to 40 mg of ethosuxiﬁﬁdf )

C I . Blood Tevels N
e " Rat - 44 Rat - 45 . Rat - 46
‘Time (820 g)* o(460 g). - (480¢)
(hour) . & - - mcg/ml mcg/ml - .omeg/ml o,
05 - 2 g 2708 w2
1.0 0 T 4g.08" . . as8 " 68.33 . .
NS 52585 6235 . 67,06
A S2.0 . 58.09 - . 64.8° . 66.33
30 7205 .68.05 . 7068
6.0 76.58, - 8370 .o
9.0 s sdes a1 -
12,0 - 624 70,04 - 63,95
T N T T

. MWeight of the rat in- grams.



. ‘ o TMLEAS ., L
gthovsux1m1de blood. 1evels in ma]e W1star rats foHowmg ora] admimst}a- o

tmr’of Formu]atwn G, (Ethosux1m1de/so1ution in o'hve 011) equivalent

“to 40 mg of ethosux1m1dg R | . (‘
y - o B1ood 'levels e g
- . Rate- 47.\, Rat;~48 - , Rat - 49
- Time fN8T g)x (460.g) . (460 q)- .
- (hour) - o omeg/ml mcq/m] | mgg/ml -
05 - 3093 2647 T 33.08
1.0 . Coa9.7 %21 3823,
1.5 < © 56.18 - 80.21 43.26
2.0 o 96007 4453 - - B2.06 .
°3.0 o 6452 60.31 -0 0 tBles . o
6.0 - 78.28 . . 72.52 - 75.03. |
9.0 . - 8.19° . 8423 - 66.1 )
o . 7688 A1 . se.67 0
* A . . - v_ ‘._ & ,
~ Weight of the rat -in grams. _ :

R
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{
TABLE A-16 .
Ethosuximide blood levels in male Wistar rats following oral administra-.
tion of'Fbrmu1ation H,> (Ethosuximide sblution containing 10% calcium
?triphosphafe) equivalent to 40 mg of ethqéuximide.
| Blood levels
' - Rat - 50 ¢ Rat - 51 Rat - 52
Time - . - (480 g)* (412 q) v(380 q) 4
(hour) q ‘__mcg/ml meg/ml . mcg/ml N
05 65 Lages 0.4
. 1.0 76.4 <. 783 67.01
15 8 - 8ol 78.64 .
.20 - 8.33% 843 - 84.37 ., *
3.0 - 92.35 .91.38 o 91,37
. " . . _ . - P
6.0 ' - 109,56 - .  108.55 S 92,61 ,
9.0 \ n6.25 /824y 70 S
120 - 107.95 - §9.5] (73;9. o
* Y. v B .  '; A e
Height?ofzwe rat in grams. " - o S .
N\

&
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. ' TABLE A-lz ‘
Etﬁosuximide.blood_levéls.1n male Wistar rats fp]]owing Oralxadministfaxil |

tidn of Formulation I, (Ethosuximjde solution containing 10% calcium

| ;:> " chloride) equivalent to 40 mg of ethosuximide
\ & | - .
\ _ Blood levels R :
o - Rat - 53 Rat - 54 " Rat - 55
Time ¢ . (400 g)* (490 g) (430 g)
(hour) c - meg/ml . mcg/ml - meg/ml
0.5 : 26.65 T ' 28.66  20.12
1.0 32,66 - 40,424 . 32.5]
N P S . 356 56,73 36,11 S
2.0 S 430 . . 6331 - ¢ 432
. 3.0 - 7.1 12,88 76,22 - -
T 6.0 c o 85.04. . - 76.04 . 80.67
9.0+ - 67.65 7219 68,51
12.0 , . 50.94 68227 - 56.09
f, . _*Weight of the rat in]gramsf ‘
R



: Ethosuximide b]ood levels. 1n male Wistar rats- fo110w1nq ora] administra-'

CI_J’

* TABLE A-18

4

: t1on of Formulation J, (Ethosux1m1de solution conta1n1nq 10% ca]cium

carbonate) equ1va1ent,to'40 mg of-ethosuximide,{yﬂ"

s Rat - 56

: iB1ood Tevels

@

‘ . Rat - 57 <Rat - 58
Time " _ © (410 g)* (445 g) (440 g)
- {hour) mcg/m1. mcg/ml - ‘mcg/ml
05 . 5862 34.08. " 50.86
1.0 - - 624 50.7 61.67
1.5% 61.2 76.21 6213 v,/’
20 63,6 75.11 7045
3.0 65.5 67.05 1 73.93.
6.0 - . 60.22 73.87 | ~71,555
9.0 53 70,72 77424
2.0 47,2 33,66  65.6

— T
. -Weight of the rat in grams.
.»,‘ . ’ : : ) )

s
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_ TABLE A-19 “ﬂ\bq _
Ethosux1m1de b]ood levels in male Wistar rats following oral adm1nistra-
‘tion of Formu]at1on K, (Ethosux1m1de solution containing 10% dried

a]uminym'hydroxide ge]) equiva]ent to 40 mg of ethosuximide

14

g o _ Blood levels

S _ . Rat - 59 Rat - 60 Rat - 61

. Time . \ (830 g)* (450 g) . - (480 g)

. (hour) o mcg/ml ~_mcg/ml _ mcg/m]
0.5 28.28 . 40.38 .  40.2
1.0 60.99 80,08 87.6
1.5 65.32 . 8.11 - 90.06
2.0 a5 9.0 92,08
3.0 180.08 - 103.95 . 98.05 '
6.0 74.08 - 89.51 ' '93.67 - -

9.0 S 6811 - . 8002 0 85.69 7
12.0 . 59.55° - 74,08 . 63.6

. Weight-of the rat in grams. -

193 -
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, TABLE A-20, ., |

Ethosuximfde blood Tevels in male w1sta4 rats fo]TowithOral'qdmihistra-

o

tion of Formulation L, (Ethosuximide solution conta1n1hg’10%,maghes1um

trisi]icaté)>equ1va]ent'tp 40 mg of]ethoSuximide

. - ‘Blood levels - - '
- : . .~ Rat =62 .  Rat - 63  Rat'-b64
~Time . (480.g)* - .(#20g) . (480¢g) -
(hour) ~ ~ mcg/ml mea/ml - meg/ml:

' o l

56,43 . 53.88 , . 44.5]
L7141 6210 . . 58.36
. 8005 - TA2 69.46 .
- 8263 - - 7635 62,23
. 97.33. - 805 . 73.07
S s 7881 0 7489
- 6les . 7468 . - 69.43
| . 49.82 - 64.08,  ..53.87 .
25.92 " . . 32 . 28.21

N W oW N O
_ Lt o

N
o

Weight of the rat in grams. -
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.A‘ .
| | TABLE A-21
Urinafy eﬁgretién,data"for ethosuxiﬁide fn ma]e:Wistérwrats
Rat No: ‘65 - béight-(grSmf: 540.0 Pretreatment: ;Unéontro1Téd
~Urine DH: 6.4-7.0 - . ‘Dbsé:. ;ﬂQﬁmg'ﬁyﬁostfmfde soTufion.’ “

DE, CDE, . % dDE_ /dt
Unchanged - Cumulative . Percent © - -

‘ . Drug Excreted. amount - " of Dose - Excretion

Time' - to time T . Excreted to Excreted . Rate

~ (hour) (mcg) “(mcg) . -~ “Unchanged (mcg.hr™")

6.25 e - .. 246.0
256 0 308200 - 30820 77 e o
B2 U | [ I
245 . 1392.0 44740 M2 o
3.0 1430.0 50040 1476 - -
A5 -t e T shag
. 485 656.0°  6560.0 . 164 . .. - o
60.5 325;pi o 6886.0 - 17220 .
728 - 183.0 © . - 7069.0° . 17.67° . .
7675 . i Uiy
S 80 v 890, 0 718800 7.0 & .
9.0 . '123.0 72810 o83 0ol
) 2 S A R R
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TABLE A-22 .
g Urih&ry eXcretionjdata fof'ethSUXfdee»1n ma]é Wistar rats
Rat No: 66 Weigbt (gram):. 560.0 Pﬁgﬁfeatneﬁtf Unpontrolied;'&jt
Urine pH: 6.4 - 7.0 Dosé: 40 mg ethosuximide solution =

| »DEt . DE,. IR A - dDE. /dt .

‘Unchanged .. Cufmulative. - Percent :

: . -Drug excreted  amount: 'of Dose . Exgretion
" Time to time t  Excreted to Excreted , [Rate_;
(hour)- (mcg) Amcg}. Unchanged = (meg.hr™')

e o o
925 0887 . 30887 . 7.7 -
245 o m78.0 . - 4266.7 . 1007 o~
3025 e 135.48 .
3.0 - 1558.0 - 58247 - 1486 i
485 - 6890 L 65137 .. 628 -
60.5° 7299 24360 ot el L
665 = B R e Cooi3e3e o
25 M2 765600 a9l
B0 1007 = 77867 19390 e
R HU LR P -S UEVIDRI [ BN RO S
980 L 1752 0 79319 198 e
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1 TABLE A-23 -
Urinary’exéfefion data for ethosuximidefih.ma]e wfstar rats _
Rat No:. 67 . Weight (gram): 486.0 . Pretreatment: Uncontrolled. )

Urine pH: 6.4 - 7.0° - T f~fbbsé:"40 mg_ethosuximide s&]u;ion

. .:DEt} S DEcum B ,‘dDECUm{QF :
..~ Unchanged - Cumulative = . = Percent - -
: Drug Excreted- _ amount - . - of Dose. Excretion’ -
~Time -~ . to time t  Excreted to =  Excreted _Rate;1,
(hour) " ~(meg)  (meg) Unchanged .  (mcg.hi™')

600 - . 187
12,00 .2385.0 - 2385.0 . 5.9 . -
1825 - - S VT
245 . 1816.0 . T 420100 - 10,5 e
3025 Y L L e e
,3%.0 6390 . 48400 . 121 B
B2t SR UL ST 1 R
48,0 . 433,0 5279.0 132 T .o
C580 B o e oL e
960,00 - 1420 - 54210~ 1360 - ]
C73.00 . B0 5536.0 - R T
845 34,0 Y A | T
"97.5'-'fj. 3 '4090;3- ’f_,56]0.01;f ”g l*? i4gdifi e A71;ifr{ili e
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TABLE A-24

R o , L |
Urinary excretion data for ethosuximide in male Wistar rats

\Rat No: N 68 weight (gram): 457.0 " , 'Pretreatmgntzv Uncontrolled

Urine BH: 6.4 - 70 Dose: 40 mg ethosuximide solution

A

N _ : R B R
r CDE L DE SW doE fdt
Unchanged * Cumulative ‘Percent: Excretion
- Drug Excreted  amount ~«  of Dose ; Rate o]
A Time - to timet = Excreted to Excreted\a\meg hr )
(hour) - (mcg) o (meg) Unchanged

60 - L 250
12,0 © 2585.0 = 2585.0 .65 .

1825 . - - Y 028
.25 12850, 38700 - 97 0 . oo
30,25 L el T e 06
0360 | 697.0 48670 M

w20 - e caLTs
480 B0LO 50680 1267 . - --ﬂ»vvj.":'
CUBAD L e e 19 3
6002320 0 5300.0- - .93.3 . < '-,w_,- |
B 7'66,5.*K;A Ce ,;j,t'i?;7*'vzii";ffffé.kpf"fr 12?021‘:v? ;'%-f; ,{
7300 157.00 7 s457.0 B X 1 I
Soes 7000 ss270 0 138 oot T
-;'V-L910 7.£f.fj—7¢3';*rfté;?T*i]iffff?aﬂfrgf¥$5?f7 o

~
g
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TABLE A-25

Urinany~eXCEetion'data for ethosuximide in male Wistar rats

Rat No: 69 Weight (gram):. 390.0 . Pretreatment: Sodium bicarbonate °

“Urine pH: 8.0 - 8.3

Dose:

]

Time

~(hour) .

DEt'

- Unchanged
Drug Excreted

) UE

cum

- Cumulative

. amount

to time t Excreted to

« {mcq)

3

(mcg)"

.

RO
. ‘Percent

_of Dose

Excreted .

~ Unchanged

o

I _;(mcg.hr'

199.

40 mg ethosuximide: solution

" QDEcqm/dt. :

‘Rate

”.Excrétion :

1)7

—_ -
O 000 0o o0 o000 WMo o »m

2.
T .35‘.
43,
.5,
~66.
7.
78,
e,
92,

"o

- 959.2 .

4
-

. 386.4

- 959.2

3156

N

2.4

- .7 .89.63

- 118.8
e

-

31907

© 4378

e 1385



TABLE A-26.

200

Urinary excfetjdn.daté fof'éthoéuX1midezin_maie”Wistaf rats

Rat No: 70 . Weight (gram): 400.0 Pretreatment: Sodium Bicarbonate

Dose: 40 mg ethosuximide solution

Urine pH: 8.0 ;{§%3

Time

(hour)

DEt

" Unchanged
-/ Drug Excreted

D
Cumulative
_amount’

“to time t: Excreted to

(mcg)' .

- Unchanged.

. %

of Dose
Excreted

Percent -

o (mcgfhr_

dpEcbm{dt

Excretion o

Rate
1)

1
3.
4,

| jg? :

19,

27,
3,
43,

54,5

. 66..

- 72; SR
78,00
oo 85ﬁ0 i‘;.

RO

5
0
5
0
5
0o
23.0.
0
0
.
5
0
0

-

a0

994,58 .

443

-

021.2°

97006
S

897.7

L 186.2

1842

-

-

-

. 3808.8

ij?965;§1";55-3fm

oot

B 'V',é97§7:‘ o
1378.8
23133

27876
‘   ?4779;4v: uf41:

345

5,930

. 2 -  42?2;1
A9 e
Jq ~1”:‘1‘J5$5*ff :ff B o jrf‘

e 292
3 e
160,36,
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3 "'}511.'8
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TABLE A-27

o Urinaryfexcretibn data for ethpsuximide in male Wistar rats
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‘ Rat¢N6: Zﬂ“ Wejght (gram): 380.0 ~ Pretreatment: Sodium bicarbonate

Urine pH: ‘8,0 - 8.3

Dose: 40 mg ethosukimide-soldtioﬁ

Time
(hQUr)

DEt .
‘Unchanged

Drug. Excreted .

. to time' t Excreted to

_.(mcg)

DE . -
CTeum
Cumulative .

amount

(meg)

9y .

Percent
- of Dose

- Excreted
Unchanged

*dDE

- '(meg. hr

cum

. Rate _,
1y

/dt

5
0
5
6.0
2.5,
s19.0
0
0
0
0
5
0
0

23

L27.
- 1.;.‘ ﬁsf
fﬁ 43, .
o545
660
N
»7'/78: R
o850
o920

T

0

L

829.5
." S _"u

25,6
1926.3
a0

C 5337

Cime

10627

829.5-

1075.0

2001.4
. 2451.5
2985.2

..

139.2 3244

.3257;331  l

20
50

-'7;5.

2.7

6.3

A
el 608
S “fff“{‘f1]¢q'tj,_; ‘} -

276.5

b4 -

-

on.aes

B3

81.87 . .

56.26 .

Excretion .
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- TABLE A-28 -
N Urinary excgetibn data for ethosuximide 1nlma]e NjStar rats-

Rat No: 72 Weight (gram): 400.0 ~ Pretreatment: Ammoh1um’Chlor1de |

- Urine pH:.'5.0 - 5.5 . Dose: 40 hg ethosuximide solution

) T - ' ,
: '.pEt  o DE S yA) dDEcum/dt
 Unchanged~ - Gumulative .. . Percent - . -
- -+ Drug Excreted amount - . of Dose Excretion
s Time ~to time t  Excreted to  Excreted . Rate, -
~(hour) ' (mcg) (meg) Unchanged - (mo§.hr™ ') -

L T T T ar
206.7° 26,7 . - 0.6 < |
SoU- e e 1606
agl7 - 8.4 . o 188 -
B T
17740 25024 625 S
- - S esas
521.2 . 3023.6 . 7.6 . o~
999.8 ,  -4023.4 0.0 -
5822 . 4605.6° M1 - 0
S N T ,'v*;",' . TR ]3.3_ )
. ' ]00;5Aﬂ .'4865;8-' S ;‘12;2»,75”5  ;%::F:,:" 

—t d
~No

SCHIN )

[F%]
(8]
o ©© 000w oo oocowmowmowm |
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® ~ TABLE A-29 .
. : . . L

.~ Urinary excretion data for ethosuximide in.male Wistar rats.

S ' L - e L .
Rat No:- 73 Weight (gram): 380.0 Pretreatment: - Ammonium chloride

" Urine pH: 5.0 - 5.5 ~ #gose: 40 mg ethosuximide solution

7

| DE, DB ..o_%D o dDE /it |
Unchanged Cumulative Percent. = ‘
Drug excreted  anfount of Dose - ' Excretion”
Time to time t  Excreted to Excreted . Rate

\
(houry’ o -.(mcq) ~ (megq) Unchanged " (mcg.hrf])

]'5 vy | - ; | _ ‘ ,M .: ) . - ‘ 65,2 N . o
3.0 195060 195,60 - 049 .
tE S - 5%
&0 526.9 L
?s - s T 2
190 1077.60 18007 T .45 - |
23. B TR I
cane 0 eng sy o
B X IR
824 31337 . 7.8 -
USSR« 1V S

CTsamaToEera 92 ) - L
- S TR ) IY RN

ool mosd o es o

o984 3025 - . 97 e
o W s

[ 2 NS

35,
43,
54,
66.
72.
78.
g5
92,

0O 00 O 0 OO0 OO O
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TABLE A-3Q
4

Urinafy excretion data for ethosuximide in male Wistar rats
~Rat No: 74 Weight (gram): 390.0 Pretreatment: Amonium Chloride

Urine pH: 5.0 - 5.5 Dose: 40 mg ethosﬂximide solution

- DE. o9 dDE. J/dt

Uncggﬁged o Cumu1§f¥We Percent cum
, Drug Excreted amount - . of Dose Excretion
K -Time . to time t Excreted to Excreted ‘Rate_]
? c .(hour)v (meq) (mcg) . Unchanged - (mcg.hr™")
1.5 - - B Y
3.0 1983 ©195.3 049 -
4.5 - - - 157.5
6.0 472.4 . 667.9 2.67 -
12.5 - ~ - - T10.78
19.0 14396 2107.5 527 -
23.0 - - - 2.2
27.0° 7.4 2605.0 65 .
35.0 e e - Bl6
43.0 824.9° 7 3429.9 857
54,5 - - - 43
66,0 - 559.3 - - - .3989.2 997 -
72,0 - - R 1,7
78.0. 1402 41294 10,3 L e
..85.0 I DU (1N}
92.0 1471 4276.4 1 107 -
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;o : . Y
TABLE A-31 Z VAR
L S . e |
Urinary.excretion data for ethosuximide in male Wistar rats
Rat No:- 75 . Weight (gram): 400.0 _Pretreatment: Probenecid .
Urine pH: 6.4 - 7.0 " Dose: 40 mg ethosuximide solution
Y DE, D W dDE
\Unchanged Cumulative .Percent .
' Drug Excreted =  amount of Dose - Excretion
Tike  to time t _Excreted to ~  Excreted = Rate
(hour): - {(mcq) (mcg) Unchanged ‘(mcg.hr™')
. —_— _ ‘ T -
1.5 - . e - . 6.6
3.0 501 50.1.%~, 02 -
"4.5 - - - kT
6.0 b R Y N A
\ 14.0 - - - 140.75
| 22.0 1 2252.1 S2m9s 6.8 -
s - - = 61.39
335 7061 5.6 0 8.6 . -
- 40.5 - L . . - 28.5°
© 47,5 - 399.0 38246 . . 9.56- - -
61.25 R 1 2
75.0. - 228.9 40835 1001 . o v
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TABLE)A-32 :

> !

' Urinary excretion data for ethostimiaelin-ma]e Wistar_rats
~ Rat No: 76 Weight (gram): 444.0 . Pretreatment: Probenecid

Urine pH: 6.4 -7.0 - ; Dose: 40 mg ethosuximide solution
v ] . 3 . . 'L ’ .

o, CoE, S et
. Unchanged , Cumulative .  Percent o
Drug Excreted - -amount - of Dose - = Excretion
Time  ~ to time t Excreted to . - Excreted Rate,]
*-(hour) ~ (mcg) (mcq) - Unchanged " (mcg.hr™')

- S T X
786 - 1178.68 2,95 .. ..
- S T - R
| 7759 19546 - 489 -

1 . L E L= 1336
C22:0 21374 4092:0 21023 e T
2175 . - .o Me

335 . 512,00 . 46040 - 1.5 - ¢
405 - YT R
a7.5 7 e60.4’ 526440 . 1306/ -
615 - . .o gy
75.0 1916 - 5456.00 1364 -

1
3
4.
6
4

SO oo »no w»
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- TABLE A-33
A-33.

b

“Urinary excretion data for ethosuximide-in male Wistar rats |

Rat No: 77 - Weight (gfam): 420.0 '_-Pretreatmeﬁt:‘ Probéﬁecid

Ufihe‘pH: 6.4 -7.0 - ‘ Dose: 40 mg'ethosuximide éo]utidn

OE, DE. @ DB /dt
Unchanged ~ Cumulative Percent e
. Drug excreted amount of Dose. - Excretion
. Time ' to time t Excreted to = Excreted Rate ,
(Hour) ~ {mcg) . (mcg) ~ Unchanged - (mcg.hr™ ") .

5 e e - 982 .
0 2945 . 2945 074 -
0 6.6 4010 10 .-
oo e
0 25081 2999.2 - 1,5 -
BN [T T 7.5 AN
335 . 6293 36285 . . . .90 T 0 <
405 - S TR (- ) B
Ca7s 0 a0642 o 46927 N3 -
61250 - - e s
75.0. . 423,8 51165 1279 ..
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. SYMBOLS

> D>

" Du

a =. Fast d1sp051t1on rate constant : I o ,
= Slow disposition rate donstant - - ' ,
‘ = Y intercept on senilog plot of plasma concentration versus Y
; time as ‘shown in Figure 16, 18, 19, :

0 = FD, the fraction of dose avai]ab1e "at the absorption site ,
."b ‘ V : : : :
AUC = Area under the p1asma concentrat1on-t1me curve
B = yintercept on senilog plot of plasma concentration versus

.- time as shown in Figure 16, 17, 18, 19.

(Co)n = Concentration of drug in the b]ood ‘at the start of nth.

“ 7 dosing interval fol]owing nth dose,
; o . ’ k . ' » ) ' ‘ U‘
Cc; -="Concentrat1on of drug in the centra1 compartment at;
. .t = 0 for I.V. dose.- ‘ :
Cc-_V =._Concentrat10n of drug in centra] compartment or plasma C
... ‘compartment at any time t: o
: Cmak .= - 'Maximum plasma concentrat1on of drug fo]]owinq absorption
- - . from the site of app11cat10n. s .
a.QC; = Amount of drug in the centra1 compartment
D s ;Amount of drug- 1n the tissue compartment
_‘D'o =. Dose administered - o L R
-D* - =--Amount-of drug in the centra1 compartment at time zero or

. ~ initial dose. . . : e

u = Amount of drug excreted unchanged in the urlne
Do = Amount of drug in the gastrointestina] tract

= Amount of drug excreted . I R
A(DE) = Total amount. of intact drug excreted 1n the urine at Q;}* :
: - infinite time - : R
*ﬂDme = Amount. of metabolite of the druq excreted :
‘D= Amount of metabolite: excreted in the urine ..,d'
~.Dm = Amount of metabdlite excreted n the urine Wi
+dDE. = Ur1nary excretion rate of a druq.,_.vf-, Co
- -dDg . ] ‘.Rate of change of drug 1n the GIT
dbe . =jﬂRate of chanqe of drug 1n the central compartment
dt - -
dbm - ="-,Rate of change of amount of drug metabo]ite 1n ceﬂtra]

dt’,vfancompartment

F. = Fraction of the dose that 1s absorbed and that reaches
&+ " general circulation. S
FD.. =" = Fraction of the dose. adminjstered which 1s absorbed per

: ¥ ﬂtﬂ fuivolume of distribution



N

-
S
e
1

. = Fract1on of dose absorbed per volume of d1str1bution
“v/n - from nt dose ' .

K = Overall e]imlnation rate constant o '
" Ka = First order absorption. (availability) rate constant
Ket = - First order rate constant for transfer of.the drug: from
- “the central compartment to. per1phera] compartment O
Ktc = First order rate constant for the return of the drug from -
o . the pérdphera] compartment to the central compartment '
“Ku = First order urinary excretion rate. constant. -
- Km = First order rate .constant for. metabo]1sm
~'log = Common logarithm (base 10) . " :
In - =" Natural logarithm (base e) S
= Time after-administration’ of dose -
= Peripheral compartment o
= Dosing 1nterva1 :
1. = Half Tife of drug elimination

reaches a. maximum value

e -Urinary compartment R
vd . = Apparent volume of distribution
Vc. = _ Apparent . volume of central compartment
_’Vt’ .= Apparent volume of the tissue compartment
. .v 2= The fraction of dose per vo]ume of distribut1on L
7 j',f. j '_ ~which is remaining in.the qut from previous dose, PR
oA fm~&wmphon T e T L T
e ,1,5*.Ktc (See ab°Ve) I fﬂ‘ﬁ:ffws'V.if~‘"'\‘~'b?:’¢a7~r S
S 5,iCentra1 compartment |
U['i_vs?‘ (see above)

210

U= Time fo]]owino drug absorption when the plasma concentration T



N APPENDIXC

> P




212

., .ar

- :uarwwnxa_muxwmwm_ox NOUA X 19103Md o1 HSIH NOX 0Qui}

o

OO “ O._,OO«Y*%...I...I m.mn»..fwu mu m...r...uuu w \nq

-

. : 4 e Oam
.N...:x “.H...d.\nm-.? vl.ﬁ m..ON mnsv u..3q.:n

A R ,. ... A: ..m.‘..v.v L \Qu... > Lo
: O Z\AU*Quw uum_._.
AZ\w.osaU\ﬂz\m*o muqu

nﬁzxm.u pv*nzxm.ouavuhomu\nz\w*onmvuma
mﬁ q o.ro.p:...z z msw.x...a.b m..x...u o

L B om 1 nrv,HA~xqu‘_ oo

;oo.ﬁo*;:.
.mo ﬁo*bx.
S s urw..g,“:n;mm«_ mumo.Jquou o*,
e v.3

ﬁhi“#xwﬁﬁmfifaff**" -

20 Hmwumbmm QZQ ZOHHQJ.mrmOU m¢m2H1~ mcu L¢mbox& Q Q,

e



-

L]

213

60° 1 oaou.x*>+: H m.m*»+o-_c m >+u-m m.n»vuoqun> m »~ >ugmf,¢«m

: . . . v PR i . bu m ou.ou :
._...:x ) .H«Q\nmlsvuh m..ABVwO..—.HIz quN mn3u v H~3~..> .,.:. v

.-

-

g_wmwug\mmmp. om m.o~ mnuv 1

) = L cO Nnm.%.—. 02 ..mn-..
1= &%H mw\r :.mH w% Zom.m x Homahm& OH HS IA DO> 04,1 i
. o : nmvﬂxmha..H&muthZH % ko QOJHth‘: o
—u:n:nmo':v... x. ,

Do R e pm:n. i
o ﬁ..asW._” o mnqo wn. _ ﬂ:~;

2 v,.wa‘__a IR T NZCOWU-3)SE 5 mnAaowwwa,,m_wmm
. L CN/Z1D=G)/(N/3%D=H)=V S OE*10%. . |
nnzxm.mrgv‘ﬁzxm.ouovvhumm\nzxm*o zu:m m 02*10% -

om.q nxv T .x. __:.yvc_oo wo*w

R S q 3 s0ttox
PERE LT 3069 €904+ L
v_; .p ;,af.,»q._t.n;z..wvm ;xﬂ,.,_..c mww.;..q.._.zumu_wﬁ_

SISAIYNY. NOISSIUIZY HUANIT-DOT HOL AVHIOHL ¥

R PR SR S



O ¥
214

nnnuvx\—o?uvm\—vanhﬂxhwvu_.uw..w\aAuut\aav&wca&u.*\an:xaw ~G~Q

T . : c..~ ohocn
~+-vmnamvm mnxonuvxm-,_vxm S
u*z.z m.«.xoxu-xu m«xoxm-xm ma

. ha‘-.uaunﬂﬁ
B . Rl
S O1YE0w

3

N . - h
nAvaJ\.—.?Ale\— vlhkﬂ\hmuv.—-u,m& .F
L

s

SO CO*

- _ A R SR 1-u mnuua - €0°EDx.

. —o.a oweo.cmuwow.

3 . ) . h Q\.P ~.v~.l».¢ hﬂmlkt . k ﬂNQNOQ
L AT - I LT S4noM9 20

..m.—.Z&ZHQLn:. ?.m.hah.um hUZhKhhka i

. TCIRCIINS T G H.n._- 41 SNYs; 1.
m:p...oP._  WEleNE MILVL il E0°9% L
. E ﬂkQ V748w sk.wn-. P 50 €. o nmCr—.w.F.. i P
‘v, .._-hv\uh. _:.xaw:. ir=r e, mpzuzhdmua: 098 4 L
wo :u w O USST o AU dOHNOS.w il L :
©C ,4.. . w.i ﬂhwuv\nmvxna~-hvxghvuq S L0O* mo;A
. Hl-0Ll=dS 5 (J-X7=H1 § SQ*C0#
_-H~V;+muuua m.ﬁmvx\w.a—vxwoxquxq S . fLfl=] 4 €0°20«
L u-Auuch m.z\w.xmuu_w.ﬁaw«o¢m
PR . PN STt
. _ mﬁ.a.m_.~.~o 3Cr- hv ..e*:. h.~+~u~:w 02 10x
o L 10%S 0LUY 0BT I (XY 11X i VBl 10x]
R :,- Ad m:cxg Lwanldagdl 40 aANd 4LYDIANILaw & L wi° 10«
KSR N wlNdwlYadl X@ Q440049 Ylvd. BEINH, i L2110
e T t=1-5¢ H.:mpzuzkcuxh ac ;um;az: i v..of*10%
. o ”.xm.“o.Aony
o e .‘.. R ,.:_.,, _m v uuoo.dquom <J%
.. A . A - " - oo . . . q w
NUTLYD 1454 4qauuz: cz~><1 7c~muo zcuzq; ,4u~u4;>pu
THUA uuquga> 40 m~m>aqa< 1ny »;c«u or: AIMYIHA
. o SHONRE
oo




215

B _-__,.__.,._.w.,,,_...ﬁ._ 39694140043

e ..ﬂ R

: Om N OPOL AS.U..:ZU ..AH#ZPA:LH 2
nazvpcqm*ﬁﬁx qxvquvmemu\nxxnx*oqvnzu.

o AH-IHI/ (RID0FR=i]
g  .¢ Aﬁo*ﬁx qxv+c4*¢;u*xv\hcc*m~¢xvngs
R cﬁ.ﬁ oacu.cqamq S £1U=50 " $¢I=59

. O*Z€0E*B 06° 1(a)
o~:u | .mo 9% k CIA*¥=) IXHANS I+ D =D

~

) Aum*ax vmxnu*u¢+ﬁapxa*cuno¢w
_a_r;,_g,.;x__ pumh m.ma -i=1a

aO N\.—O N\OO .—hhmv HqQN..hWOQ i ..QH\..KZH.H.:-

Q) Q..{.H):m q..u A:hm:.

*

L THQOM - NAU LNAWLAYNOR a,;f;.m._a_.mvwvr;mwcam
uanHq:z sz;oqqou m4u>u4 qsuaq, B )1 () g

W.;on mo*ﬁ

I-ugs S0k

. | © S 3820 -
(- qxv\AAHa«qx JdXdd=C [Ax¥d=)dXdd) #QU%UH=D ¢ 0 80x
S o .5 01°20% -
AN _Maﬁo.mo*_

. PO ; JEE E U e B . R *“.,...,
«uaﬁ.ﬂo*_

o Qk \..qx;- ‘A -....ux.. 15 Qmm > O* .
e Y01 10%

NWaOoﬁO*:

PO



216

NAAI93H 350 4T41LT0K O

_om.w ckop.m>\ms.:wo ~d>\~z.:~o

Aua*qx vxxuu*nﬁnc ¢xv*nqx muv\hnu+axumo m.«xuﬁevv ~SWN=TA.- S

(Id*g- vmxum*nmAGX mv*nanqvv\nmu -3ig* (D= m*movu+mz|Nme ma.mO#y
CIA¥9=DdXAd* (C(Y"YH ) k(T “Y2)/(ET-C1Yx10~YxB0) I=aW S Ov*20* -
aua*dx v&XEh*nAAQ ~IHIE (TN - mwv\am&+QX*mm &pQX*mluvlﬁZnazfm 6E" NO*T
(1A% dXIAXCC(IR=-EI ¥ (B=¥) )/ (Ce ~Giaxld-Ga3d) ) +TW=Tin § LT* 20%
C1gwy- v;xuu;nA~< =PI (H~-YI I/ (Ed-BIURTd<T%Bd) )a TW'S SE*Z0*
S : C O BREMEUN (B TWHSUI = EMRYH=ED 'S 00 30x
B LT e TR (YN H+BAIXBN=3D S G2 30
R S (BA+ T W+rSYI £ IH*UN=EL 'S, 02°30%

e T e mc«qx+wz;px+ﬁax+<xu*ﬁxuwa.m S1+20x
e . 0 SW=TD SeIWEld S B1°30%-

L R R Amo*¢xavmxmu*m¢+o*w =0v¥-'S 01*30#*"
A 4 , SRR S i=sL SfSL-L= Mm_m 10°20%
. SAEERIS omwao*
10°2°10" m.ow T H.aazmmom. .H.:mzﬂh:._q 03°.10%

SR LA =21 CLA+H+EH) ) 13S o - nhx+x+mxvv*m O=8 S 81 10%
CCHELH*7 =31 (LA+H+EAI ILIS L+ CIH+M+GH) ) %G » 0= Y-S LI 10w
. x.:ux:w.Hx.:me:m‘mx.:pmx:m.«x.:cx:..¢mma.;o*.

- &D\..ND..mq~>q...~>:-ﬁcq:h:. 4 an~0*
. ~o.~ot;
R ..+ uuoo~q¢uou,u*,

: o L -9 3

WL mm mo.a
caumiw . ,

**.

*®

. S A.:_qmaoa N0 pzmshm¢mzcu OXL Ni
zﬁstqcm_mqm>u4 UANSYId uac;:ugcu oL zq:uc;a 2



CVITA

o



NAME :
* CURRENT ADDRESS:

PERMANENT. ADDRESS :

 SECONDARY EDUCATION:

PLACE & DATE OF BIRTI-L

'COLLEGIATE fNSTITUTIONS ATTENDED DATE DEGREE
,H1s]pp Col]ege, Nagpur, India

LM, College of Pharmacy-'ﬁ
Gujarat University, India

University of P1ttsburgh |
Schoel of Pharmacy, U.S.A.

University of Alberta

Facu]ty of Grad Study }*g.

Major:

Minors:

‘Major Courses Taken: .

. NS
o

'»Shabie Zahoor Masih

" Massachusetts College of Pharmacy

179 Longwood Avenue Boston Mass.
02081, U.S.A. °

c/o Revvared'wo]fe
6000 Murdock Ave.,

Bethel Park, Pa., 15102 U.S.A.

~ Christian High School.

Jaba]pur, India - 1953

1953 - 1955 ‘1.5c.
19560 - 1959*,-B;Pharm.:
o N

1968%- 1970 'M.S.Pharm.

N

1970 -‘1974v Ph.D.Pharm,

B1opharmaceut1cs and Pharmacokinet

*Advanced Phys1ca1 Phannacy s
Advanced Pharmaceutical Ana]ys1s ¢

Pendra Road, India, Apr11 6, 1934,.
DATE . OF DEGREE
~April .

April

Ju]y

1cs'

Mass Spectrometry. - - L e

" Radio Tracer Methodo]oqy o
“Drug Metabolism. . -
* Biopharmaceutics -

-~ Clinical Pharmacy

Industrial Pharmacy

~ Pharmaceutical ]gchnolog%

" Hospital Pharmacy
. Physiolagy

Differential and Integra1 Calcu1us* B

~Computer Science
'Stat1st1cs

1955

11959

1974

218

- fAugust‘1970 o

Industrial Pharmacy, Drua Metabolism, Advanced . .:A
. Pharmaceut1ca1 Analys1s ,
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PU?LICATIONS:

(1) Masih, S.Z., E.T.C.M. Hospital“Pharmacy, Ind. J. Hosp. Pharm. .
'5:53-60 (1968). o y -

" {2) Masih, S.Z., Some Thoughts For Modérnizing'The-Hospital' o
¥?ha?m?Cy-Serv1ces in India., Ind. J. Hosp. Pharm., 5:134-137
1968). T : _ . .

(3) Masih, S.Z., Importance of;Qua]fty Control in Hospital Pharmacy,
Ind. J. Hosp. Pharm, (1967). R R

(4) Masih, S.2., "Internal Hydrostatic Pressure in Hydrophilc =~ '\
’ Macromolecular Gels," M.S. Thesis, University of Pittsburgh,
1970, . o : ST

/

IN PREPARATION FOR PUBLICATION:

(1) Masih, S.Z., and Black, L.H., Influené 6f Internal Hydrostatic .
- Pressure on In Vitro Release of TriamcinoTone Acetonide from

Carbopol fel Base. ST -

(2) Masih, S;Z@; and;Biggs;-DgF,;‘A-Simple,fAccuraté7ahd'Rebrodu¢ib1e  o
GLC Method for Analysis of Ethosuximide, Methsuximide, and -
Phensuximide in Plasma, Urine and Tissue Homogenates. . =

(3) Masih, S.2., and Biggs, D.F., Pharmacokinetics of Ethosuximide,
Methsuximide and Phensuximide following I:V. Administration'in
wistar‘Rats.*_ ' R T e

- (4) Masih,»S.Z;'and'Biggﬁs'D;F(,;Phafmécokﬁnetics76f Ethosuximide“" N
' ‘FOllowing Single Oral and-Multip]e-Or31 Dose$,1n;w1star'Rats,(,v-

(5) Mésih;‘S;Z;,fénd-Bfggs,;D,F;, Ukinéfy‘Ekgrétion:Kihétits of - ;],'i'
‘Ethosuximide in Wistar Rats.** =~ = [
' S E e e e e
. (6) Masih, 5.2, and nggs, D.F., Influence of Some Pharmaceutical . * = . -
- Adjuvants and Antacids on. Systemic Availability of Ethosuximide - . -
- in Wistar Rats. - ..o T e e

« -*Papers presented at the Twenty-first Canadian Conference on .~
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