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ABSTRACT 

Part I  

In order to determine the effect of dose size on the bioavail-

R 
abil i ty of phenytoin (Dilantin ),  a single intravenous dose of 15 mg/kg, 

single oral doses of 400, 800, 1600 mg, and 1600 mg in divided doses 

( i .e. 400 mg every three hours) were administered to six healthy male 

subjects. Values of V and K obtained from the intravenous dose were 
max m 

used to determine the extent of absorption from the oral doses. Although 

no statist ically signif icant difference in extent of phenytoin absorp

t ion was observed, the t ime to reach maximum phenytoin serum concentra

t ions increased signif icantly from 8.4 hours for the 400 mg dose and 

13-2 hours for the 800 mg dose to 31.5 hours for the 1600 mg dose. Peak 

serum concentrations of 3.9, 5.7, 10.7, and 15-3 mg/1 were observed 

after the 400, 800, 1600 and 1600 mg divided doses, respectively. I t  

is suggested that the prolonged, but complete, absorption of large 

phenytoin doses is due to a slow dissolution and continued absorption 

from the colon. Owing to the prolonged absorption of phenytoin, i t  may 

be necessary to use a larger oral than intravenous loading dose to pro

duce similar maximum phenytoin serum concentrations. 

Part I I  

The effects of age and obesity on the pharmacokinetics of 

thiopental were studied in 7 morbidly obese (aged 25 to 46 years) and 

x i  



xi i  

22 lean patients (aged 25 to 83 years), who were primari ly undergoing 

abdominal surgery. In al l  29 patients, serum thiopental concentrations 

were determined by gas-l iquid chromatography using a nitrogen-selective 

detector. Based upon total (bound + free) thiopental concentrations, 

the average (±S.E.) volumes of distr ibution (V„ and V ) were siqnif i-
6 ss a  

cantly larger in the obese (7.94 ± 1-72 1 /kg and 4. 72 ± 1.03 l /kg, 

respectively) than in the age-matched lean patients (1.95 ± 0.22 l /kg 

and 1.40 ± 0.16 l /kg, respectively). Clearance based on total thio

pental concentrations normalized to total body weight (TBW) was not 

signif icantly different between the obese (0.18 ± 0.03 1/hr/kg) and lean 

patients (0.21 ± 0.02 1/hr/kg). However, total body clearance not 

normalized to TBW was signif icantly larger in the obese (24.98 ± 5.62 

1/hr) than in the lean patients (11.86 ± 1.29 1/hr). The half- l i fe of 

thiopental was signif icantly larger in the obese (31-87 ± 4.53 hours) 

than in the lean patients (6.61 ± 0.52 hours) and was primari ly a func

t ion of the larger apparent volume of distr ibution for thiopental. The 

unbound fraction of thiopental in serum (range, 17.8% to 27.6%) did not 

depend on the degree of obesity, but was found to be greater with ad

vancing age. The apparent volumes of distr ibution, V and V ,  were 
P ss 

also related to age. No signif icant relationship was found between 

total body clearance with increasing age. Thus, the half- l i fe of thio

pental was posit ively correlated with age, and as in the obese study, 

was found to be primari ly influenced by the apparent volume of distr i

bution .  



PART I .  

DOSE-DEPENDENT ABSORPTION OF PHENYTOIN IN MAN 

1  



CHAPTER 1 

INTRODUCTION 

Phenytoin, formerly known as diphenylhydantoin (DPH), is an 

anticonvulsant drug used primari ly for the control of grand mal and 

psychomotor seizures. However, i ts narrow therapeutic serum concentra

t ion range requires that i ts administration be individualized. Pheny

toin presents an intr iguing problem in therapeutics because there are 

a variety of factors which influence the absorption, distr ibution and 

metabolism of this drug. 

Pharmacoki neti cs 

Since the l i terature associated with the pharmacokinetics of 

phenytoin is so extensive, a complete review is not possible. The per

t inent l i terature is reviewed here. 

Phenytoin is almost completely metabolized with less than 2% of 

the dose excreted unchanged in the urine (Martin et al. 1977). The 

majority of the dose of phenytoin undergoes para-hydroxylation by the 

l iver on one of the rings to form 5~(p-hydroxypheny1)-5-phenylhydantoin 

(HPPH), which in turn is conjugated to form HPPH-glucuronide. The HPPH-

glucuronide accounts for 70-80% of the administered dose found in the 

urine (Glazko et al. 1969). Although a number of different metabolites 

have been found in the urine, al l  available data suggest a rate-l imited 

formation of a single common precursor, an epoxide (Glazko 1973)- The 

major pathways of phenytoin el imination in man are summarized in Figure 1 

2  
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Figure 1. Major Metabolic Pathways of Phenytoin in Man. 
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(Glazko 1973; Eadie and Tyrer 1973)- Previous studies (Arnold and 

Gerber 1970; Houghton and Richens 197^; Richens and Dunlop 1975) have 

shown that the kinetics of phenytoin can be adequately described by a 

single capacity-l imited route of el imination. 

The capacity-1imited el imination of phenytoin can be described 

by Michaelis-Menten kinetics where the rate of decline of drug concen

tration in serum (-dC/dt) after an intravenous bolus dose is not direct

ly proportional to the serum concentration of the drug as i t  would be in 

a l inear kinetic model (Gibaldi and Perrier 1975), rather: 

. r  V -C 
w dC max t ,  * 

"•dT'irr-c (" 
m 

where C is the serum concentration of drug, V is the maximum rate at 3  max 

which phenytoin can be metabolized and K is related to the dissociation 
m 

constant of the enzyme-phenytoin complex. may be viewed as the con

centration which half-saturates the enzyme system ( i .e. 1/2 V ) .  From 1  1  max 

equation 1, i t  can be shown that the rate of drug el imination wil l  ap

proach an asymptotic value, defined as Vmax» i f  the serum levels of the 

drug are much greater than the value of K^. At these high serum concen

trations, the Michaelis-Menten function would describe a pseudo-1inear 

decline in serum concentration, approximating zero-order kinetics. This 

would be expected with total saturation of the enzyme system allowing 

metabolism to occur only at a f ixed rate ( i .e. V ) .  Similarly, at 
max 

very low serum concentrations ( i .e. K << C), the rate of decline of 
m 

concentration is nearly proportional to the serum concentration, with 

the proportionality constant equal to V /K .  This condit ion is 
ma x m 
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analogous to f irst-order kinetics in which the rate of drug removal from 

the serum is proport ional to the concentrat ion of drug in the serum. 

Since V /K equals the apparent f i rst-order el iminat ion rate constant,  max m '  

k, which in turn relates clearance, CI, to the volume of distr ibution, 

V, ( i .e.  k = Cl/V) Cl/V can be subst i tuted for V /K to yield: 
max m 

~iL9. = JLL . c (2) 
dt V 

In the usual therapeutic range of serum concentrat ions, the actual rate 

of phenytoin el imination is not adequately described by f irst-order or 

zero-order k inet ic models, but rather,  requires a Michael is-Menten 

kinetics model ( i .e. equation 1). The cl inical signif icance of this 

nonl inear k inet ic model is exempli f ied in the fact that s l ight increases 

in dose produce disproport ionate increases in serum levels (Bochner et  

al .  1972; Mart in et al .  1977; Richens and Dunlop 1975). In a study of 

nine healthy male volunteers (Martin et al. 1977), average values of 

V and K were found to be 10.3 mg/kg/day and 11.5^* mg/1 ,  respectively, 
ma x m 

with respective coeff icients of variation of 25% and 50%. Bochner et 

al. (1972) found average values of V and K to be 9.93 mg/kg/day and 
ma x m 

3.3^ mg/1 with respective coeff icients of variation of 1\% and S^%. The 

magnitudes of these values support the fact that nonlinearity should be 

seen within the therapeutic concentration range of 8 to 20 mg/1. 

The apparent volume of distr ibution, V, is a pharmacokinetic 

parameter which relates the total amount of drug in the body to the 

plasma or serum concentration of a drug. For a drug which exhibits the 

characterist ics of a one-compartment system, the fol lowing equation 



permits an estimate of the volume of distr ibution (Gibaldi and Perrier 

1975): 

D. D. 

( 3 )  

o kf C dt 
o 

where D>v  is the intravenous dose administered, k is the apparent f irst-

order el imination rate constant, Cq  is the serum concentration of drug 

at t ime zero and the integral, f°° C dt, is the total area under the 
0 

serum concentration-time curve. The apparent volume of distr ibution of 

phenytoin ranges between 0.5 to 0.8 1/kg (Lund et al. 197^; Gugler, 

Manion and Azarnoff 1976; Cranford et al. 1978). 

Phenytoin is bound to serum proteins to the extent of about 93% 

(Lunde et al. 1970; Schmidt and Kupferberg 1975), which is consistent 

with phenytoin concentrations found in protein-free body f luids such as 

saliva and cerebrospinal f luid. Some studies (Hooper et al. 197^; 

Bochner et al. 197*0 have shown considerable interindividual variation 

in the degree of protein binding of phenytoin (69-96%), while others 

(Lunde et al. 1970; Lund, Berl in and Lunde 1972) have observed only a 

minor variation. However, within an individual, the binding of pheny

toin to serum proteins is l inear over a concentration range of 5~50 mg/1 

(Lund et al. 1972). 

To complete the kinetic picture, several other pharmacokinetic 

parameters should be monitored. Clearance is defined as the volume of 

serum from which phenytoin is completely removed per unit t ime. 

Although clearance is a constant in l inear kinetic models, with pheny

toin, clearance is dependent on serum concentrations, i .e., 
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V  
n max /1\ 
c i  •  — w  

m 

From equation k, i t  can be seen that clearance wil l  decrease with in

creasing serum concentrations. 

The half- l i fe of a drug el iminated by nonlinear kinetics can be 

defined as the t ime for the serum concentration to decrease to one-half 

the init ial concentration after an intravenous dose. This parameter is 

a complex function of both the apparent volume of distr ibution and 

clearance (Wagner 1975): 

t ,  •  °1PV = 0.693'V» ( C ) (5) 
max 

A more general equation for t^ can also be obtained. Rearrangement of 

equation 1 after integration yields the fol lowing equation which de

scribes C as a function of t ime for phenytoin (Martis and Levy 1973): 

C V 
K • IN -JR- + C - C = -^21 . T (6) 

m to v 

where C is the serum concentration at t ime t  = 0. In one half- l i fe, 
o 

the init ial serum concentration of drug, Cq ,  wil l  have declined to 

0.5 Cq .  Substituting this value for C and t^ for t  in equation 6 

gi ves: 

t ,  = ( y,  )  '  ( 0-693 • K + 0.5 • C )  (7) 
~z v mo 

max 

In l inear el imination kinetics, i t  takes 3-3 t , 's to reach 90% of the 

steady-state value. However, for phenytoin, clearance decreases with 

increasing concentration and thus, the half- l i fe increases with 
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increasing serum concentrations. Computer simulations by Ludden et al. 

(1978) show that, depending upon the individual 's V and K ,  serum 
max m 

phenytoin concentrations in the therapeutic range wil l  require from a 

few days up to thirty days to reach steady-state. 

The el imination of phenytoin in man is relatively slow, with 

half- l ives ranging between seven and twenty-four hours (Gugler et al. 

1976; Arnold and Gerber 1970; Andreasen et al. 1973). Serum half- l i fe 

is dependent on the size of the dose and the serum concentration (Arnold 

and Gerber 1970). Thus, with a single dose of 100 mg, the half- l i fe 

ranges between 6-12 hours, while with 250 mg, i t  is between 12 to 20 

hours (Arnold and Gerber 1970). With even higher init ial serum levels, 

such as those found by chronic dosing, the t ime for the serum concen

trations to decrease by 50% may be several days. 

Phenytoin absorption has been shown to take place mainly from 

the distal portion of the duodenum by passive diffusion of the nonionized 

form of the drug (Noach and VanRees 1964). The t ime course of phenytoin 

absorption appears irregular. In a study of f ive subjects (Jusko, Koup 

and Alvan 1976), an init ial absorption peak was observed at k-7 hours, 

and a secondary peak was observed at 8-15 hours post-administration of 

a A.6 mg/kg oral dose of phenytoin. A prolonged period of absorption 

lasting up to two days was observed in al l  subjects. Another study 

(Gugler et al. 1976) reported a marked intersubject variation in absorp

t ion ha I f- l i fe ranging between 1-2.8 hours and t ime to peak phenytoin 

concentrations between 2.9 and 8.9 hours. Other studies (Chaikin, 

Adir and Crouthamel 1979) in intoxicated patients have shown that the 

gastrointestinal absorption of phenytoin may continue for as long as 
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seven days after ingestion. Previous data (Handley 1970; Albert et al. 

197*0 have also shown that the t ime course of phenytoin absorption from 

capsules is nonuniform. Oue to the irregular pattern of phenytoin 

absorption, an exact pharmacokinetic model to describe the absorption 

of phenytoin after a single oral dose could not be obtained. This 

prolonged absorption may be unique to the capsules made by the Parke-

Davis Company. An FDA report (1978) notes the fol lowing: "Because 

other Parke-Davis dosage forms of phenytoin and other f irms' products 

do not have the slow release characterist ics of the Dilantin Kapseal, 

there appears to be two distinct forms of phenytoin: fast release for 

three or three-or-four-t imes-a-day dosing and slow release for once-a-

day dosing." 

Bioavailabil i ty can be defined as the rate and extent to which 

a drug reaches the systemic circulation from a dosage form. Parameters 

to assess bioavailabil i ty include time to peak serum concentrations 

( t  ) ,  p e a k  s e r u m  c o n c e n t r a t i o n s  ( C  )  a n d  t h e  t o t a l  a r e a  u n d e r  t h e  
max r  max 

serum concent rat ion-t ime curve (AUC). AUC is a measure of the quantity 

of drug which is absorbed into the systemic circulation and is used to 

define the extent of absorption. For l inear kinetic models, AUC after 

extravascular administration is given by: 

F-D 
AUC = (8) 

where F is the extent of absorption and Dq  is the extravascular dose. 

However, for a drug l ike phenytoin which exhibits capacity-1imited 

el imination, the total area under the serum concentration-time curve can 

be determined by appropriate integration of equation 6, yielding: 
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c 
AUC = (  ~ (9) 

max 

Most of  the phenytoin bioavai labi l i ty data in the l i terature is con

cerned with the relat ive bioavai labi l i t ies of products containing pheny

toin from di f ferent manufacturers. A few studies of absolute phenytoin 

bioavai labi l i ty fol lowing a single oral  dose have been reported. How

ever,  most bioavai labi l i ty studies of phenytoin have been l imited to 

a direct comparison of the areas under the serum concentrat ion-t ime 

curves. This assumes a l inear pharmacokinet ic model which is incorrect 

i f  suff ic ient ly large doses are used in the study to begin saturat ion 

of the enzyme system. I t  can be shown that the direct use of area 

rat ios to determine the extent of  absorpt ion for phenytoin underest i

mates the fract ion of drug reaching the systemic c irculat ion. The rea

son for this underest imate can be explained by the fact that after an 

intravenous dose (equal to the oral  dose),  the higher serum concentra

t ions achieved with the intravenous dose result  in a greater relat ive 

degree of saturat ion of the enzyme system responsible for the metabol ism 

of phenytoin. This causes a longer retent ion of phenytoin in the body 

(due to a lower clearance value) and thus, a s l ight ly larger AUC value 

for the intravenous dose. In addit ion, the region of t ruly l inear 

pharmacokinet ics of  phenytoin ( i .e.  C < K )  may be di f f icul t  to obtain 

in some subjects because of the large inter individual di f ferences seen 

in the values of and the analyt ical  sensit iv i ty required to measure 

the concentrat ion of phenytoin in the l inear range. An example of  the 

type of discrepancy which may result  is i l lustrated below. Gugler et  al  
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(1976) determined the bioavailabil i ty of phenytoin sodium capsules 

(Dilantin ,  Parke-Davis) by giving a dose of 300 mg both orally and 

intravenously to six healthy volunteers. The bioavailabil i t ies ranged 

between 58% and 86% when based on the direct ratio between the AUC's. 

Jusko et al. (1976) reported a mean bioavailabil i ty of 98% after single 

oral and intravenous doses of 4.6 mg/kg of phenytoin (Epanutin ,  Parke-

Davis) after correcting for the nonlinear el imination of phenytoin. A 

mean bioavailabil i ty estimate of 87% was obtained using area ratios, 

which assumes a l inear pharmacokinetic model. Thus, the direct use of 

area ratios to determine the extent of phenytoin absorption underesti

mates the fraction of drug reaching the systemic circulation. There

fore, bioavailabil i ty estimates for a drug such as phenytoin which is 

eliminated by nonlinear kinetics may give misleading results when the 

inappropriate pharmacokinetic methods are used. Few, i f  any, good 

studies are available in the l i terature which assess the absolute 

bioavailabil i ty of phenytoin. 

Serum phenytoin concentrations between 8 and 20 mg/1 have been 

correlated to optimal seizure control (Kutt and McDowell 1968; Lund 

1974). To achieve these concentrations in adults, phenytoin treatment 

is generally init iated in daily doses of 300 mg per day given as single 

or divided doses. Drug concentrations obtained with this dosing regimen 

produces steady-state drug levels which vary from below 10 mg/1, the 

most common f inding, to well above 20 mg/1 (Baara et al. 1978). In 

fact, in one study (Gugler et al. 1976) where phenytoin was given orally 

at a dose of 300 mg/day, none of the six subjects had steady-state serum 

levels of 10 mg/1 and only one out of six subjects had serum levels 
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greater than 8 mg/1. Since the attainment of steady-state serum concen

trations and hence, response, generally takes from f ive to seven days 

and may require up to 30 days or more (Ludden et al. 1978), a loading 

dose may be desirable to more rapidly attain a maximum response in some 

patients. Such a loading dose may be given intravenously or orally. 

Although the most rapid method of attaining therapeutic serum concentra-' 

t ions of phenytoin is by intravenous administration, this route carries 

the r isk of cardiovascular collapse i f  the drug is administered too 

rapidly. I t  has been demonstrated that intravenous doses of 10.5 to 

26.9 mg/kg (mean = 16.6 mg/kg) when administered to 139 patients on 159 

occasions can be administered safely without serious complications 

(Cranford et al. 1978). Hypotension was the most frequent complication, 

but decreasing the rate of infusion led to a prompt normalization of the 

blood pressure. However, because of the ethanol-propylene glycol (10% :  

k0%) used as a di luent, the preparation is extremely painful to the 

conscious patient and very diff icult to administer because of i ts incom

patibi l i ty with most intravenous f luids. Thus, in a selected group of 

patients, an oral loading dose of phenytoin may be safer and more suita

ble. Such a group may be patients in the outpatient sett ing. 

Two methods have been described for orally loading patients with 

phenytoin. Wilder, Serrano and Ramsey (1973) recommended a one gram 

oral loading dose of phenytoin. However, uniform doses of one gram in 

patients with different body weights often lead to subtherapuetic levels 

in patients over 60 kg and toxic effects to patients weighing less. A 

more reasonable dosing regimen was designed by Wilson, Hojer and Rane 
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(1976) who orally loaded a pediatric population with 5 to 6 mg/kg in 

four doses every eight hours. 

A recent observation suggests that oral loading doses much 

larger than predicted are required to produce therapeutic serum concen

trations of phenytoin. The orert loading dose required to achieve an 

average steady-state phenytoin serum concentration (C) of 11 mg/1 would' 

be 12.2 mg/kg, assuming rapid absorption, an availabil i ty (F) of 90%, 

an el imination half- l i fe (t^) of 18 hours, a volume of distr ibution 

(V) of 0.65 1/kg and a dosing interval (T) of 2k hours. This estimate 

is based on the fol lowing relationship: 

,  « C-V-T-0.693 /,«% Loading Dose -  i  _n  ,  , (10) 
F-y (1 - e °*693  T / t*) 

which assumes a l inear pharmacokinetic model. However, observations in 

twenty-six adult patients demonstrated that a mean oral loading dose of 

17-7 mg/kg given as two to four divided doses over about nine hours 

produced a mean phenytoin concentration of 10.5 mg/1 approximately 18 

hours after init iat ion of the load (Perrier and Blouin 1976). In a 

retrospective study by Record et al. (1979), a mean oral loading dose 

of 19.1 mg/kg given as two to four divided doses over about 11 hours 

produced a mean phenytoin concentration of 11.4 mg/1 approximately 21 

hours after init iat ion of the load. Both of these studies showed that 

i t  was necessary to use an oral loading dose which was 50% larger 

than expected to achieve the desired serum concentration. The fact that 

the el imination of phenytoin is in reality saturable ( i .e. nonlinear) 

makes this difference even greater since a loading dose less than 12.2 
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mg/kg should be required to yield a phenytoin serum concentration of 

11 mg/1 i f  the nonlinearity were considered. One possible explanation 

for this discrepancy is that phenytoin absorption is l imited by i ts poor 

solubil i ty. As a weak organic acid with a pK of 8.3 and a water 
3 

solubil i ty of less than .031 mg/g at 37°C (Agarwal and Blake 1968; 

Schwartz, Rhodes and Cooper 1977), phenytoin1s dissolution and subse

quent absorption into the systemic circulation can present potential 

bioavailabil i ty problems. Although the sodium salt of phenytoin is 

water-soluble, i t  is rapidly converted to the less soluble free acid 

form in the stomach result ing in subsequent precipitation (Arnold, 

Gerber and Levy 1970). Due to the poor solubil i ty in the gastrointes

t inal f luids, a variety of formulation factors tend to alter the bio

availabil i ty of phenytoin products from different manufacturers. 

Several factors influencing bioavailabil i ty include particle size, the 

nature of excipients, disintegration time of the dosage form and the 

rate of dissolution. Thus, i f  the absorption of phenytoin is increased, 

a decrease in the rate and extent of phenytoin absorption ( i .e. bio

availabil i ty) may be anticipated. 

Statement of the Problem 

Because the absorption characterist ics of larger than normal 

doses of phenytoin are not known and the fact that much larger oral 

loading doses of phenytoin than one would predict are required to 

achieve therapeutic serum concentrations rapidly may suggest that the 

absorption characterist ics of phenytoin are nonlinear ( i .e. phenytoin 

serum concentrations increase less than proportional to the dose 



15 

administered). Thus, a study was designed to investigate the absorption 

characterist ics of phenytoin in six healthy adult males. 

The rate and extent of absorption of kOO, 800 and 1600 mg oral 

doses were evaluated. Based on the hypothesis that the nonl inear 

absorption of phenytoin is a result of i ts poor aqueous solubi l i ty, the 

1600 mg oral study was repeated by administering ^00 mg every three 

hours unti l  a total dose of 1600 mg was given. This approach should 

increase phenytoin dissolut ion and hence i ts absorption from the gastro

intest inal tract i f  the above hypothesis is correct. The results of 

this investigation should provide suff icient information to permit the 

rat ional design of an oral phenytoin loading dosage regimen. The use 

of an oral loading dose wi l l  permit the attainment of a maximum response 

more rapidly than the typical f ive to seven days. In addit ion, an in

creased understanding of the reasons for the unusual absorption pattern 

of large oral phenytoin doses wi l l  assist in the treatment of acute 

overdoses. 



CHAPTER 2 

EXPERIMENTAL 

Materials and Methods 

Subjects 

Six normal, healthy adult male volunteers between the ages of 25 

and 37 years and weighing 7^.1 to 9^.6 kg were studied. Each subject 

was determined to be in good physical health on the basis of urine, 

hematological and SMA 12/60 blood analysis. The study was approved by 

the Human Subjects Committee at the University of Arizona Health Sciences 

Center. Writ ten consent to part icipate was obtained from each individ

ual after the nature, purpose and r isks of the investigation were 

explained. A copy of the consent form can be found in Appendix 1. 

Study Design 

Each subject received a single intravenous dose of 15 mg/kg, 

single oral doses of ^00, 800 and 1600 mg, and 1600 mg in four equal 

doses given every three hours. Due to the adverse effects of intravenous 

phenytoin and since i t  is essential that each subject receive the in

travenous dose, i t  was administered on the f i rst day of the study in 

each subject. An electrocardiograph was attached to each subject during 

ft 
the intravenous infusion of a 15 mg/kg phenytoin sodium (Dilantin ,  

Parke-Davis and Co., Detroit ,  Ml) given at a rate of 25 mg/min. Five 

ml blood samples were drawn from the opposite arm immediately pr ior to 

and at 5, 15 and 30 minutes, and at 1, 2, A, 8, 12, 2h, 36, k8, 60, 72 

16 
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hours and dai ly after the end of the infusion unti l  serum phenytoin 

concentrat ions were less than 0.5 mg/1. A heparin lock was ut i l ized for 

the samples up to and including 24 hours. After the 24 hour sample, the 

heparin lock was removed and al l  subsequent samples were obtained by 

direct venipuncture. In subsequent weeks, each subject received single 

oral doses of 400, 800 and 1600 mg, and 1600 mg phenytoin sodium in four 

divided doses as Di lantin Kapseals in a randomized fashion. Each sub

ject was asked to fast ten hours prior to dosing and four hours post-

administrat ion of the drug. In addit ion, the subjects were requested 

not to eat between the f i f th and eleventh hours after beginning the 400 

mg every three hours regimen. For the 400, 800 and 1600 mg single oral 

doses, 200 ml water was ingested with the drug and f ive ml blood samples 

were drawn at the same t ime as for the intravenous dose (excluding the 

5 and 15 minute samples). When 400 mg phenytoin sodium was administered 

oral ly with 200 ml water at 0, 3, 6 and 9 hours to give a total dose of 

1600 mg, f ive ml blood samples were col lected at 0, 1.5, 3, 6, 9, 12, 

24, 36, 48, 60, 72 hours and dai ly unti l  serum phenytoin levels were less 

than 0.5 mg/1. Serum was obtained by centr i fugation of the clotted 

blood samples within 60 minutes of drawing the blood samples and kept 

frozen at -20°C unti l  analyzed within the next week. 

Assay Methodology 

Serum phenytoin concentrat ions were determined by a modif ied 

version of the gas chromatographic procedure of MacGee (1970). A gas 

chromatograph (Model 571 OA; Hewlett-Packard Co., Avondale, PA) equipped 

with a dual nitrogen-phosphorus f lame ionization detector was used. 
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This instrument was f i t ted with a 1.20 m x 2 mm ( i .d.) glass column 

packed with 3% SE-30 coated on 100/120 Gas Chrom Q. (Supelco, Inc., 

Bel lefonte, PA). The injector port and detector temperatures were set 

at 250°C and 300°C, respectively. The column oven was held at 180°C 

for two minutes and then programmed to increase at a rate of 32°C/min to 

ZkO°C. For maximal detector response of phenytoin, the gas f low rates 

were set as fol lows: nitrogen carr ier gas, 30 ml/min; hydrogen, 3-8 

ml/min and air,  80 ml/min. A dual pen recorder was used (Model 385; 

Linear Instruments Corp., Irvine, CA) at a chart speed of 30 cm/hr. 

Phenytoin and the internal standard, 5"(p-methylphenyl)-5~ 

phenylhydantoin (MPPH) (Sigma Chemical Co., St. Louis, M0) were used as 

obtained. Methanol (glass-dist i l led, Burdick and Jackson Labs., Muske

gon, Ml) and toluene (reagent grade, Mai 1inckrodt, Inc., St. Louis, M0) 

were used as received. A 0.3 M ^1^0^(36.0 g/ l i ter, pH k.k) solut ion 

in water was used as the "extract ion buffer". The "extract ion solvent" 

was a O.if  mg/1 solut ion of MPPH in toluene. Al l  aqueous solut ions were 

prepared in glass-redist i l led water and stored in glass. Tetramethyl-

ammonium hydroxide (25%) (Practical,  Eastman Kodak Co., Rochester, NY) 

was di luted to 0.025 M with methanol pr ior to use. 

A 1 mg/ml phenytoin stock solut ion in methanol was prepared and 

di luted to give a f inal concentrat ion of 100 mg/1. Volumes of 0.05, 

0.1, 0.5, 1.0 and 2.0 ml of the 100 mg/1 phenytoin were added to f ive 

10 ml volumetric f lasks and di luted to 10 ml with suff icient methanol 

to give 0.5, 1.0, 5-0, 10.0 and 20.0 mg/1 phenytoin standard solut ions. 

A standard curve was prepared every day by adding 0.1 ml of each 

standard solut ion to a 10 x 75 mm disposable culture tube, evaporating 
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this solut ion to dryness at 60°C under a steady stream of nitrogen, and 

adding 0.1 ml serum, 0.05 ml "extract ion buffer" and 0.5 ml of "extrac

t ion solvent". This mixture was vortex-mixed for 15 seconds (Vortex 

Genie Mixer, Scienti f ic Products, McGaw Park, IL). After centr i fugation 

at ful l  speed (2500 rpm, Model HN, International Equipment Co., Needham 

Heights, MA), most of the clear toluene phase was transferred to a clean 

10 x 75 mm culture tube and evaporated to dryness under nitrogen. The 

residue was then taken up in 0.02 ml 0.025 M tetramethylammonium hydrox

ide solut ion in methanol. After vortexing 15 seconds, a 0.002 ml al iquot 

was injected into the gas chromatograph. Retention t imes of phenytoin 

and i ts internal standard, MPPH, were ^.60 minutes and 5.15 minutes, 

respectively. Quanti tat ion was obtained from a standard curve in which 

the peak height rat io (phenytoin/MPPH) was plotted against the serum 

phenytoin concentrat ion. 

Determination of Osmolal i ty 

The osmolal i ty of the injectable phenytoin solut ion (Dilantin 

ampoule, 250 mg/5 ml) was determined in tr ipl icate by a vapor pressure 

osmometer (Model 5100 BXR, Wescor, Inc., Logan, UT). The osmometer was 

cal ibrated with two known standards of 290 mOs/kg and 1000 mOs/kg. A 

1:10 di lut ion of the parenteral product with dist i l led water was neces

sary to keep the solut ion within the range of the two standard solut ions. 

Data Analysis 

After intravenous administrat ion of phenytoin, el imination of 

phenytoin with t ime (t)  can general ly be described by the fol lowing 

dif ferential equation: 
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dA V -C , , ,* 
e _ max (11) 

dt K + C 
m 

where dAe/dt is the rate of drug el imination and V and K are the 
max m 

Michaelis-Menten parameters chracterizing the capacity-1imited metabolism 

of phenytoin to i ts major metaboli te, 5~(p-hydroxypheny1)-5~phenylhydan-

toin (HPPH). Since the renal excretion of phenytoin is negl igible, the 

term for renal el imination was omitted from equation 11. Numerical 

values of V and K for each subject were obtained by nonl inear least 
max m 

squares i terat ion of both one- and two-compartment models involving 

saturable el imination (Figure 2) using the nonlinear regression program, 

NONLIN (Metzler 1969). The dif ferential equation for the one-compartment 

model is given by equation 1. For the two-compartment model, the dif

ferential equations are given by (Wagner 1975): 

dC i  (v /V)* C, ,1 ( ,x 
L _ k  r -  k r  max  L 

dt ~ 21 U2 12 1 K + C. 
m 1 

and 

k C -  k c  ( , 3 )  
dt 12 U1 21 2 

where Cj and are the concentrat ions of drug in the central and peri

pheral compartments, respectively, 's the f i rst-order transfer rate 

constant from compartment 1 to compartment 2 and is the f i rst-order 

transfer rate constant from compartment 2 to compartment 1. A weighting 

2 
function of 1/C was found to provide the best f i t  of the data. Choice 

of an appropriate model was determined by use of an F-test. (Boxenbaum, 

Riegelman and Elashoff 197*0. Ini t ial  estimates for V and K 
max m 
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Ona-Compartmant Modal 
with Saturable Elimination 
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Two-Compartmant Modal 
with Saturabla Elimination 
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1 2 
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Figure 2. One- and Two- Compartment Pharmacokinetic Models with 
Michaelis-Menten El imination. 
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required for input into NONLIN were direct ly obtained from a In C ver

sus t ime plot (Figure 3) after intravenous administrat ion as fol lows. 

The integrated form of equation 1 is given by equation ]k: 

" = T-- +'nc0-r2£- * «»> 
m m 

where Cq  is the concentrat ion of drug in the body at zero t ime. Extra

polat ion of the terminal log l inear port ion of the In C versus t ime plot,  

where the plot is described by equation ]k, would yield a zero t ime 

intercept of In C*. The result ing straight l ine can be described by: 

V 
In C = In C* -  JE5. • t  (15) 

o \  
m 

At low serum concentrat ions, equations \h and 15 should be equal. By 

sett ing the r ight hand sides of these two equations equal to each 

other, the fol lowing expression is obtained: 

C -  C V V 
_2 + In C -  ^22* • t  -  In C* -  .  t  (16) 

f\  O »\ O i\  
mm m 

Cancellat ion of the common term, (V /K ) • t ,  and rearrangement yields 
max m 

C -  C C* 

- i  '"r (,7) 
m o 

Since the equali ty given by equation 16 is val id only at low concentra

t ions, Cq  can be assumed to be signif icantly greater than C and there

fore Cq  - C approaches Cq .  Simpli fying equation 17 and solving for 

g i  ves: 
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Figure 3. Serum Concentrat ion vs. Time plot for Estimation of the 
Michaelis-Menten Parameters, V and K .  

max m 
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C Co 
Km= 0 '  l n  ~r da) 

Since C* and C are readi ly estimated from the ln C versus t ime plot,  
o o 

an est imate of K is possible using equation 18. V can then be 
m max  

calculated from the slope of the terminal log l inear segment of the 

concentrat ion versus t ime curve: 

slope = \nax (19) 
K 

m 

Fol lowing oral administrat ion of phenytoin, the extent of 

absorption was determined using a mod i  f icat ion of the Wagner-Nelson 

method for Michaelis-Menten el imination as described by Mart is and 

Levy (1973) and the trapezoidal rule. The method, assuming a one com

partment model, is as fol lows. Integration of the term, -dC/dt, from 

t ime zero to inf ini ty yields: 

H  " H - / 0  " d C  -  - < 0  -  C G )  = C 0 > ^  ( 2 0 )  

where D»v  equals the intravenous dose. Fol lowing intravenous drug 

administrat ion, measurement of the area under the curve result ing from 

a plot of -dC/dt versus t ime yields a value of C or D. /V. After oral 1  o i  v 

drug administrat ion, the rate of drug el imination (dAe/dt) can be 

described by equation 11. I f  the amount el iminated is equal to the 

amount absorbed ( i .e. Ae = F • D ,  where F is the fract ion of the oral 
o 

dose, Dq ,  absorbed), then: 

,  dA .  V •C F-D I  f°° e . .  _ I  ,°° max _ o /01 \  
V 0  dt V 0  K + C ~ V '  

m 
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Thus, the bioavai labi l i ty, or extent of absorption can be determined by 

dividing equation 21 by equation 20 which yields 

.  dA 
F-°o - < 7 ' '  dT d t  > era! 

D. ,  » -dC 
< d t d t  > i »  

Values for (dAe/dt)/V, the numerator, are obtained from the oral serum 

concent rat ion-t ime data and from values of V and K which have been 
max m 

determined by nonl inear least squares regression analysis of the intra

venous data. Once the (dAe/dt)/V data is obtained, the area under a 

curve of a plot of (dAe/dt)/V versus t ime determined by the trapezoidal 

rule provides an estimate of the numerator. 

Peak serum concentrat ions and t ime to peak serum concentrat ions, 

which are measures of the rate of absorption, were determined graphical ly 

from individual serum concentrat ion-t ime plots. Since peak t imes as well  

as peak concentrat ions could fal l  between the observed concentrat ion-

t ime values, these pharmacokinetic parameters are therefore subject to 

error. 

Peak serum concentrat ions relat ive to dose (C /D), t ime to 
max 

peak serum concentrat ions ( t  ) and the extent of phenytoin absorption 

(F) were stat ist ical ly analyzed by a one-way analysis of variance cor

rected for dif ferences between subjects using the ONEWAY procedure of 

the Stat ist ical Package for the Social Sciences (Nie et al .  1975). To 

el iminate intersubject variat ion, the fol lowing equation was used to 

correct the above three parameters for dif ferences between subjects 

(Gaines 1980) :  
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k  
ZP, /  A 

1 = 1 

k 6 
+  E  Z P .  

' j  
1=1 j=1 

(23) 

where P is the parameter tested (C /D, t  or F) and P is the cor-
max max c 

rected value for the i th dose and the j th subject. Due to the fact that 

the above equation was used to reduce intersubject variat ion, the total 

degrees of freedom is decreased from 23 to 21. In cases where signif i

cant dif ferences were found (p < 0.05), the Tukey Honestly Signif icant 

Difference (Tukey-HSD) a posteriori  test was appl ied to identi fy where 

these dif ferences occurred. 



CHAPTER 3 

RESULTS 

Because of i ts poor solubi l i ty in unbuffered aqueous vehicles, 

i t  is recommended that phenytoin be given as i t  is supplied by intra

venous infusion (Parke-Davis package insert).  Di lut ion of phenytoin 

with 5% dextrose-in-water is contraindicated because phenytoin wi l l  

precipitate (Parke-Davis package insert).  Five of the six subjects in 

our study received the undi luted parenteral preparation. Because of the 

high alkal inity (pH = 12) and propylene glycol solvent in which pheny

toin is dissolved, intravenous administrat ion of the undi luted paren

teral solut ion was found to cause considerable i rr i tat ion at the si te 

of infusion in each subject. Contr ibuting to the pain at the si te of 

infusion was the f inding that the osmolal i ty of the undi luted prepara

t ion was 51^0 mi 11iosmols. Twenty to thirty minutes after the start 

of the infusion, the pain was reported to be travel ing slowly up the arm. 

To prevent the pain associated with the infusion of the undi luted 

parenteral preparation, subject MB received a 1200 mg solut ion of pheny

toin di luted in 500 ml 5% dextrose-in-water. In this case, no visible 

precipitat ion of phenytoin was observed and no i rr i tat ion was reported 

by the subject. No signif icant cardiorespiratory side effects such as 

bradycardia, hypotension or cardiac arrest or unusual electrocardiograms 

were observed in any subject during the infusion of the drug. 

27 
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Adverse effects including ataxia, vert igo, lateral gaze nystag

mus and a buzzing in the ear similar to t innitus, were noted in each 

subject after intravenous administrat ion of 15 mg/kg phenytoin sodium. 

These side effects were also noticed by al l  subjects fol lowing the 1600 

mg given as divided doses. In some subjects, ataxia and vert igo were 

also observed at single oral doses of A00, 800 mg and 1600 mg. 

The serum concentrat ion versus t ime data after intravenous 

administrat ion of 15 mg/kg phenytoin sodium are presented in Figure k 

and Appendix I I .  The data from f ive of the six subjects were found 

stat ist ical ly to be best described by a one-compartment model with 

saturable el imination. Only in subject VE was the distr ibutive phase 

suff iciently signif icant to warrant the use of a two-compartment model 

with saturable el imination from the central compartment. The nonl inear 

pharmacokinetic parameter est imates obtained from the f i ts of the con

centrat ion vs. t ime data in the six subjects are l isted in Table I .  The 

average values (±S.E.) of V and K are 8.25 ± 2.02 mq/kq/day and 
3  max m 3  3  

S.k3 ± 2.62 mg/1, respectively. Values of V varied almost f ive-fold 
max 

from 3.29 to 16.1 mg/kg/day while values of varied seven-fold from 

Z.kl to 17-80 mg/1. As the serum concentrat ion approaches zero, the 

rat io of V /K ,  which ref lects the clearance of phenytoin, ranged from 
max m K 7 3  

37.05 to 69.96 ml/min and averaged (±S.E.) 53.88 ± k .Sk  ml/min. Thus, 

although there is a large degree of intersubject variat ion in the 

Michaelis-Menten parameters, there is much less variabi l i ty in the 

clearance of phenytoin, as measured by the rat io of V /K .  •* 7 •  7  max m 

The t ime course of serum concentrat ions after each oral dose is 

shown for each subject in Figure 5 and Appendices I I I ,  IV, V and VI. 
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HOURS 

Figure 4. Serum Phenytoin Concentrat ion vs. Time Plots in Six 
Subjects Fol lowing Intravenous Administrat ion of 15 
Phenytoin Sodium. 

Male 
mg/kg 
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Table I .  Michaelis-Menten Parameters for Phenytoin Fol lowing a 
15 mg/kg Intravenous Dose. 

SUBJECT WEIGHT V (mg/kg/day) K. (mg/1) V /K (ml/min) 
/ i ,_\ max m max m 

DN 78.5 16.10 17.80 49.31 

ML 82.5 6.15 5.72 61.60 

VE 94.6 3-58 4.20 56.00 

MB 80.0 9.12 10.26 49.38 

MC 74.1 3.29 2.42 69.96 

MW 76.8 11.24 16.18 37.05 

Mean ± S.E. 81.1 t  2.94 8.25 ± 2.02 9.43 ± 2.62 53.88 ± 4.64 
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Figure 5. Serum Phenytoin Concentrat ion vs. Time Plots in Six Male 
Subjects Fol lowing Oral Administrat ion of 400 mg (O), 
800 mg (A) and 1600 mg (  •  ) Single Doses and 1600 mg 
in Divided Doses ( i .e. 400 mg Every Three Hours Times Four 
( •  ) Phenytoin Sodium. 
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Three parameters were used to evaluate the absorption eff icacy of the 

four phenytoin doses. These included (a) extent of absorption (F), 

(b) peak serum concentrat ion (C ) and (c) t ime to peak concentrat ion 
max 

( t  ) .  The data for these three parameters are summarized in Table I I .  max 

Results of an one-way analysis of variance of these three parameters 

are shown in Tables I I I ,  IV and V. I t  can be seen that, although not 

stat ist ical ly signif icant by a one-way analysis of variance, there was 

a trend in the mean extent of phenytoin absorption (F) to decrease 

(from 92% to 78%) as the phenytoin dose is increased from 400 to I600mg. 

Also, the 1600 mg given as divided doses shows approximately the same 

extent of absorption (91%) as the 400 mg single dose. 

Average peak serum concentrat ions were 3*9, 5-7, 10.7 and 15.3 

mg/1 after the 400, 800, 1600 and 1600 mg (divided) doses, respectively. 

The average t ime of peak serum concentrat ions ( t  ) increased from 8.4 
max 

to 13.2 to 31-5 hours as the dose increased from 400 to 800 to 1600 mg 

(Table I I) .  The t  after the divided doses was 18 hours. The rate 
max 

of absorption as measured by t ime to peak serum phenytoin concentrat ions 

was signif icantly dif ferent between the doses. Based on an a posteriori  

test (Tukey-HSD), the t ime to peak was signif icantly longer for the 

1600 mg single oral dose when compared to the 800 and 400 mg as well  as 

to the 1600 mg (divided) doses (Table VI).  The maximum serum phenytoin 

concentrat ions for the 1600 mg (divided) dose was found to be four t imes 

the C found after the single 400 mg oral dose. However, maximum serum 
max 3  3  

phenytoin concentrat ions after the single 800 and 1600 mg doses were 

not simple mult iples of the 400 mg dose because they increased signif i

cantly less than proport ional to the increase in dose (Table VI).  
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Table I I .  Effect of Dose on Rate and Extent of Phenytoin Absorption. 

SUBJECT DOSE(mg) ?{%) C (mg/1) t  (hr) 
max max 

DN 400 90.73 3.96 7.83 
800 85.26 6.85 11.00 

1600 70.25 8.67 8.00 
400 x 4 90.27 12.33 12.00 

ML 400 89.48 4.40 8.25 
800 96.54 5.49 8.05 

1600 88.63 17.33 12.08 

-c
-

0
 

0
 

X
 -c
-

91.82 17.47 12.67 

VE 400 102.70 3.38 8.07 
800 84.47 4.84 12.00 

1600 71.73 9.45 38.75 
400 x 4 102.17 16.97 12.00 

MB 400 80.79 2.99 11.95 
800 72.63 5.69 12.00 

1600 89.14 10.65 36.00 
400 x 4 91.89 14.05 12.00 

MC 400 121.43 4.24 6.00 
800 93.02 5.83 24.22 

1600 76.51 10.39 61.42 
400 x 4 92.14 18.74 36.10 

MW 400 65.36 4.60 8.20 
800 74.79 5.63 11.92 

1600 71.92 7.75 32.70 
400 x 4 75.68 12.25 24.05 

MEANS ± S.E. 
400 
800 

1600 
400 x 4 

91.75 ±7.80 3.93 
84.45 ± 3.89 5-72 
78.03 ± 3.54 10.71 
90.66 ± 3.47 15.30 

± 0.26 8.38 ± 0.79 
± 0.27 13-20 ± 2.29 
± 1.40 31.49 ± 7.96 
±1.14 18.14 ± 4.08 



Table I I I .  Analysis of Variance: Extent of Absorption (F) by Dose. 

SOURCE OF DEGREES OF SUM OF MEAN SQUARE F RATIO P 
VARIATION FREEDOM SQUARES 

Between Doses 3 722 .96  2A0.99  2 .70  <0 .10  

Within Doses 18  1606 .66  89 .26  

TOTAL 21 2329.62 
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Table IV. Analysis of Variance: Maximum Serum Concentrat ion/Dose 
(C /D) by Dose. 

max 7 

SOURCE OF DEGREES OF SUM OF MEAN SQUARE F RATIO P 
VARIATION FREEDOM SQUARES 

Between Doses 3 0.469 0 .  156 7.88 < 0.005. 

Within Doses 18 0.357 0 .  020 

TOTAL 21 0.826 
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Table V. Analysis of Variance: Time to Peak(t )  by Dose. 
1  max 1  

SOURCE OF DEGREES OF SUM OF MEAN SQUARE F RATIO P 
VARIATION FREEDOM SQUARES 

Between Doses 3 1784.54 594.85 8.37 <0.005 

Within Doses 18 1278.92 71.05 

TOTAL 21 3063.46 



37 

Table VI. Between Dose Differences in Peak Serum Concentrat ions Rela
t ive to Dose (C /D) and Time to Peak ( t  ) .  

max max 

Dose Ranking ( lowest to highest)* 

Cmax /D 1600 mg 800 mg AOO mg x A 400 mg 

tmgx  400 mg 800 mg 400 mg x 4 1600 mg 

"Ranking based on Tukey-Honestly Signif icant Difference (Tukey-HSD) 
a posteriori  test. Doses underl ined by a common l ine were found not 
to be signif icantly dif ferent (p < 0.05). 



38 

Because of the irregular intersubject absorption patterns of 

phenytoin and the dif ferent absorption patterns with increasing dose, 

the oral data could not be described by a single pharmacokinetic model 

involving either a simple f i rst-order, zero-order or a dose-dependent 

absorption model. 
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DISCUSSION 

After the intravenous administrat ion of phenytoin to these sub

jects, there was a negl igible distr ibutive phase of two to four hours. 

Consequently, the majori ty of the intravenous data (5 of 6 subjects) 

could be adequately described by a one-compartment system. As shown in 

this study as well  as in others (Arnold and Gerber 1970; Gerber and 

Wagner 1972), phenytoin is el iminated by a saturable metabolic process 

that exhibits apparent Michaelis-Menten kinetics. The maximum rate of 

el imination (V ) and the serum concentrat ion at which the rate of 
max 

el imination is one-half the maximum rate (K ) obtained in this study 
m 

were similar in magnitude to values determined in other studies from 

single intravenous dose data (Jusko et al .  1976) as well  as from serum 

concentrat ions at several steady-states after mult iple oral doses 

(Mart in et al .  1977). The large intersubject variabi l i ty in the values 

of V and K is not unusual for drugs such as phenytoin which are 
max m a  K  7  

primari ly el iminated by l iver metabolism. 

The data presented show that therapeutic serum phenytoin levels 

can be rapidly attained by an ini t ial  oral loading dose of about 20 

mg/kg, with the administrat ion of the loading dose in divided doses 

rather than as a single dose, being the most effect ive approach to pro

ducing therapeutic concentrat ions. The serum concentrat ion-t ime data 

obtained after oral doses of phenytoin appear to be irregular. This ha 
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also been observed by other investigators (Albert et al .  197^; Lund 

et al .  197^; Jusko et al .  1976). One interesting observation is the 

sustained serum concentrat ions result ing from the 1600 mg dose in each 

subject. Li t t le change in serum phenytoin concentrat ions was seen from 

10 to as long as 72 hours, suggesting that after a loading dose, the 

administrat ion of the f i rst maintenance dose of phenytoin may not be 

necessary unti l  at least three days later in some patients. One previous 

investigation (Jusko et al .  1976) also demonstrated prolonged absorption 

of phenytoin. In that study, absorption occurred for approximately 48 

hours after a h.6 mg/kg dose of phenytoin sodium. Further evidence for 

prolonged phenytoin absorption may be i l lustrated by a recent case re

port of a phenytoin overdose in a suicide attempt (Chaikin et al .  1979)• 

The peak phenytoin concentrat ions remained at a plateau for seven days. 

Since phenytoin is a poorly water-soluble weak acid with a pK 
3 

of 8.3, problems with gastrointestinal dissolut ion and subsequent ab

sorption into the systemic circulat ion may be expected. A general 

decrease in the rate of dissolut ion with increasing dose is consistent 

with the sustained serum concentrat ions observed after the higher doses. 

Because of this decreased absorption rate, much larger doses are re

quired to produce a given serum concentrat ion than would be predicted. 

In support of this observation is the fact that higher phenytoin serum 

concentrat ions are obtained when the 1600 mg dose is given as four equal 

doses every three hours. This should increase the extent of dissolut ion 

and hence, absorption. Since the extent of absorption was unchanged, 

the lower than expected serum phenytoin concentrat ions observed fol low

ing a loading dose appear to be a result of a decreased rate of 



dissolut ion and hence, absorption. Absorption appears to occur for up 

to three days, which suggests that dissolut ion and absorption must occur 

throughout the gastrointestinal tract, including the large intest ine. 

Studies in overdose patients have shown that the gastrointestinal absorp 

t ion of phenytoin may continue for as long as 60 hours even after inges

t ion of a phenytoin suspension (Wilder, Buchanan and Serrano 1973)• 

Dose-dependent bioavai labi l i ty must therefore be added to the 

l ist of pharmacokinetic characterist ics that complicate the predict ion 

of phenytoin levels. 



PART I I  

EFFECT OF OBESITY AND AGE ON THIOPENTAL PHARMACOKINETICS 



CHAPTER 1 

INTRODUCTION 

ft 
Thiopental (Pentothal ,  5-ethyl-5 -( l  methylbutyl)-thiobarbituric 

acid) is classif ied as an ultra-short act ing barbiturate which is ex

tensively used in anesthesia for short surgical procedures not involving 

profound muscular relaxation, for supplementing incomplete regional 

anesthesia and as an induction agent. Although thiopental is widely 

used and was introduced into cl inical practice in 193^, l i t t le informa

t ion of a pharmacokinetic and pharmacodynamic nature is avai lable in 

man. That is, the dose used for anesthesia in today's operating room 

is based on historical considerations. Even with the aid of sensit ive 

and specif ic methods for the identi f icat ion of thiopental and i ts 

metaboli tes, a dosing regimen based on the relat ion between serum 

thiopental concentrat ions and pharmacologic effect has yet to be deter

mined. 

Anesthesiologists have known that the dosage of thiopental 

needed during surgery shows considerable individual variat ion. For 

example, retrospective studies on the inf luence of diseases, other 

drugs, racial factors, body weight, sex and age on thiopental dose 

have been performed (Dundee 195^; Christensen and Andreasen 1978). In 

one study, thiopental dosage requirements were determined in 500 normal 

adult patients undergoing abdominal and thoracic operations who received 

thiopental as the sole anesthetic (Dundee 195*0. The dose of thiopental 



required for induction of anesthesia is dif f icult  to predict accurately 

on the basis of total body weight, but empir ical observations suggest 

that obese and lean individuals do not require the same dose per total 

body weight. I t  was shown that the total amount of thiopental necessary 

to maintain anesthesia for two hours was markedly related to body weight 

(Dundee 195*0. Because of the paucity of quanti tat ive data avai lable in 

the obese populat ion, i t  would be valuable to obtain pharmacokinetic 

information for thiopental in this group of patients. 

Age may also be an important determinant in the pharmacokinetics 

of thiopental.  Dundee (195*0 noticed that the requirements of thiopental 

were similar between 25 and A6 years of age. However, thiopental re

quirements were increased in patients under 25 years and decreased in 

those A6 years of age and over. A more recent study (Christensen and 

Andreasen 1978) investigated the effects of age, sex, serum creatinine 

concentrat ion and premedication on the size of the induction dose of 

thiopental in 5^0 patients. I t  was observed that thiopental induction 

doses were similar in the age groups below 60. However, a reduction in 

dose of 18% was found between 60 and 70 years of age and a further 18% 

reduction found between the ages of 70 and 80 years. Because of develop

ments in anesthesiological techniques as well  as in surgical procedures, 

i t  has been possible to operate on an increasingly older populat ion. 

Since the elderly are becoming a much larger proport ion of the popula

t ion and because there are more elderly candidates undergoing surgical 

procedures, i t  is imperative to obtain pharmacokinetic information on 

thiopental in the elderly in order to permit more rat ional dosing. 
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Pi str i  but ion 

Init ial  studies on thiopental suggested that i ts ultra-short 

act ion was due to rapid metabolism (Jai ler and Goldbaum 19^6). This 

conclusion was a result of the small  amounts of unchanged thiopental 

found in the urine and in organs such as the l iver, kidney, brain and 

muscle. A clearer understanding fol lowed the introduction of more 

sensit ive and specif ic methods for the quanti tat ive determination of 

thiopental in plasma and t issues. Brooks et al .  (19^8) were the f i rst 

to observe that rapid dif fusion of thiopental to non-nervous t issue was 

responsible for the short act ion. From t issue studies, i t  was con

cluded that early recovery fol lowing a single intravenous dose was due 

to a redistr ibution of thiopental from the brain to other t issues in 

the body. The observation of a high fat/blood part i t ion coeff icient led 

these investigators to postulate that fat was the si te to which thio

pental was distr ibuted after leaving the central nervous system (CNS). 

After single doses of 300-500 mg thiopental in man, the subcutaneous fat/  

plasma part i t ion rat io averaged 6.7 (range = 5.7 to 10.2) and the 

omental fat/plasma part i t ion rat io averaged 8.5 (range = 6.7 to 1*0 

(Dayton et al .  1967). With larger doses (1.5 g), the adipose t issue/ 

plasma rat io was two-fold higher, ranging between 13 and 18. However, 

because of the poor blood supply to the fat deposits, body fat comes 

into equi1ibrium with extracel lular water extremely slowly. Thus, the 

rapid decl ine in thiopental blood concentrat ions within the f i rst f ive 

minutes after dosing, which is well  correlated to the t ime of awakening 

after intravenous administrat ion of a 3-5-^-0 mg/kg dose of thiopental,  
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cannot be explained by redistr ibution into adipose t issues. Rather, i t  

has been shown (Goldstein and Aronow I960; Price et al .  1960) that mus

cle Is the t issue where thiopental concentrates immediately after leav

ing the CNS and is responsible for the ultra-short act ion of the drug. 

Protein Binding 

The extent of drug binding to serum and t issue proteins is an 

important determinant of t issue distr ibution as well  as of the rate of 

drug el imination. In addit ion, binding to serum proteins renders a 

large proport ion of the thiopental dose pharmacological ly inactive. 

The data avai lable for the binding of thiopental to plasma 

proteins in man is sparse and quite variable. Brodie et al .  (1950) 

found thiopental to be 75% bound at 37°C using equi l ibr ium dialysis 

over a concentrat ion range of 10-50 vg/ml. Similar results {.12% bound) 

have been found by Ghoneim and Pandya (1975) in ten patients using 

equi l ibr ium dialysis at 4°C. Christensen, Andreasen and Jensen (1980) 

and Becker (1976), however, found that the extent of binding by thio

pental to plasma proteins to be approximately 86% and apparently l inear 

over a wide concentrat ion range (0.4 to 50yg/ml). In contrast to the 

l inear binding of thiopental to plasma proteins found in these studies, 

Dayton et al .  (1967), also using equi l ibr ium dialysis at 37°C, reported 

85-90% binding between concentrat ions of 0.54 to 4.4yg/ml and 75% bind

ing between 6 and 20yg/ml. 

As expected, Dayton et al .  (1967) also observed individual 

dif ferences in binding which became more marked at concentrat ions below 

10ug/ml. These dif ferences in the plasma protein binding of thiopental 



^7 

are presumed to be due to dif ferences in albumin concentrat ion since 

binding in a subject with hypoalbuminemia (albumin, 2.1 g%; total 

protein, 3.8 g% w/v) was found to be 66% at a concentrat ion of 5.3 

pg/ml compared to 88% binding in subjects with a normal albumin con

centrat ion of k.S g%. 

Metabol1sm 

The el imination of thiopental in man and animals is primari ly 

by the hepatic microsomal enzyme system. Brodie et al .  (1950) found 

that negl igible amounts (0.3%) of the drug are excreted unchanged in 

the urine in ten subjects given 2-k grams of thiopental by an inter

mittent intravenous infusion over 50 minutes. To date, the metabolic 

fate of thiopental in man has not been completely defined. In many 

studies, only 10-25% of the administered dose can be accounted for by 

thiopental and/or i ts metaboli tes. Figure 6 shows the postulated path

ways of thiopental metabolism in man. A major pathway in man is 

u-oxidation of the methylbutyl side chain to yield the carboxyl ic acid 

metaboli te. This acid metaboli te found in the urine accounted for 

about 10-25% of the total administered dose, with larger amounts being 

excreted after larger doses. In contrast, rabbit l iver homogenates 

metabolize thiopental via <u and (oi- l)  oxidation mainly to the carboxyl ic 

acid and a small  amount corresponding to pentobarbital alcohol. A 

recent study (Carrol l  et al .  1977) found evidence of pentobarbital,  

thiopental carboxyl ic acid and the alcoholic derivatives of thiopental 

and pentobarbital in human urine after intravenous doses or R-(+) and 

S-(-) thiopental.  
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Confl ict ing data suggest that an alternative metabolic pathway 

for thiopental,  desulfurat ion, may be important. Winters et al .  (1955), 

35 1 k 
using rat l iver minces and isotopical ly label led S and C thiopental,  

demonstrated that an ini t ial  step in the biotransformation of thiopental 

involves the removal of the sulfur atom and formation of i ts oxygen 

analogue, pentobarbital.  Studies by Frey et al .  (1961) demonstrated 

the presence of pentobarbital in the blood of dogs given thiopental,  

while Cochin and Daly (1963), using thin layer chromatography, found a 

spot corresponding to pentobarbital in the urine of human subjects 

given thiopental.  However, several studies suggest that extract ion 

processes, especial ly those employing chloroform and diethyl ether, 

may result in "art i f ic ial" desulfurat ion of thiopental and thus lead 

to spurious conclusions regarding the metabolism of this drug. 

Unlike the oxybarbiturates, thiopental has also been shown to be 

metabolized to a lesser extent by the kidney as well  as the brain. 

Cooper and Brodie (1957) found thiopental,  but not pentobarbital,  to 

be metabolized by rabbit kidney sl ices. Similar results were found by 

Gould and Shideman (1952) using a fort i f ied cel l- free t issue homogenate 

of rat kidney. Several studies (Cooper and Brodie 1957; Gould and Shide

man 1952) showed that the brain was capable of metabolizing thiopental.  

The capabil i ty of the muscles (Gould and Shideman 1952) and erthyrocytes 

(Richards 19^7) to metabolize thiopental have also been demonstrated. 

The extent of involvement of these t issues in the metabolism of thiopen

tal in vivo is unknown. 
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Pharmacokinetics 

There is a lack of agreement in the l i terature on the pharmaco

kinetic parameters reported for thiopental in humans. A summary of the 

avai lable data is presented in Table VII.  

One of the earl iest studies concerning the disposit ion of thio

pental in man was performed by Jai ler and Goldbaum (19^6), who fol lowed 

plasma thiopental concentrat ions in two subjects given mult iple intra

venous inject ions of the drug. However, plasma level-t ime data was 

observed only out to k3 minutes after the last dose. With the paucity 

of data col lected in that study, no useful pharmacokinetic parameters 

could be calculated. Most studies which have attempted to characterize 

the pharmacokinetics of thiopental have obtained blood level versus t ime 

data for only four to six hours. Analysis of data from these reports 

based on abbreviated blood col lect ions yield the currently accepted 

half- l i fe of between three to eight hours (Mark et al .  19^9; Plough et 

al .  1956). Recent data from Ghoneim and VanHamme (1978), who col lected 

blood for 12 hours, reported average terminal phase half- l ives for 

patients receiving two other anesthetics, enflurane and nitrous oxide, 

and normal human volunteers receiving no premedication, of 5.1 and 5-7 

hours, respectively. Signif icantly longer half- l ives of 0.5 and 1.k 

days were found by analysis of data reported by Brodie, Bernstein and 

Mark (1952) who collected blood samples from two subjects for up to 2k 

and 27 hours, respectively. In addit ion, Andreasen, Christensen and 

Jansen (1979) reported terminal phase half- l ives between 6.4 and 52.5 

hours for eight young women with gynecological diseases. In that study, 

serum levels were fol lowed for about 20 hours. Cloyd, Wright and 
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Table VII.  Sunvnary of Pharmacokinetic Parameters of Thiopental in Man. 

INVESTIGATOR 
TERMINAL 
HALF-LIFE(HOURS) 

VOLUME OF 
D1STR1 BUT1 ON(1/kg) 

CLEARANCE 
(1/hr/kg) 

Andreasen et al .  
(1979)a  

19.17 ± 6.20 1.24 ± 0.22 0.12 ± 0.02 

Ghoneim and 
VanHamme (1979) 

5.74 ±0.78* 
5.14 ± 0.30+  

1.61 ±0.11* 
1.88 ±0.38+ 

0.22 ±0.02* 
0.26± 0.06+ 

Cloyd et al .  
(1979) 

38.4, 86.4#  4.0, 8.4#  0.07, 0.07#  

Plough et al .  
(1956) 

3-13 Plough et al .  
(1956) 

3-13 

aSurgical patients maintained with halothane/^O; mean ± S.E. 

Normal subjects; mean ± S.E. 

+Surgical patients maintained with enf 1 urane/^O/C^ 

§ Obese epi leptic subject 
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Perrier (1979) col lected blood for up to 14 days, and reported half- l ives 

of 1.6 and 3-6 days in a lean and an obese patient, respectively. The 

half- l ives measured in these two patients are considerably longer than 

those previously reported using an abbreviated blood col lect ion scheme. 

In the studies where a pharmacokinetic analysis was performed (Andreasen 

et al .  1979; Ghoneim and VanHamme 1978; Plough et al .  1956), serum 

concentrat ion-t ime curves were al l  f i t ted to a three-compartment model 

assuming el imination from the central compartment. This model involved 

rapid distr ibution of thiopental within the central compartment (corre

sponding to the vascular space and highly perfused t issues such as the 

brain and heart) and a shal low perfused compartment (representing 

muscle and skin) and then to a deeper peripheral compartment formed by 

very poorly perfused t issues such as fat.  

In addit ion to the conventional pharmacokinetic models for 

thiopental,  a number of physiological pharmacokinetic models have also 

been proposed. Model simulat ions of thiopental have been made in which 

experimental data in adipose and lean t issue in the dog have shown good 

agreement with the simulat ions (Bischoff and Dedrick 1968). The model 

involves f low l imitat ions, l ipid solubi l i ty, protein binding and non

l inear metabolism to predict the distr ibution of thiopental in blood, 

viscera, lean and adipose t issues. An extension of the Bischoff-

Dedrick pharmacokinetic model was described by Chen and Andrade (1976), 

to predict thiopental kinetics in the brain and simultaneously to pre

dict drug levels in plasma, l iver, lean and adipose t issues in a 15 kg 

dog. 
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Assay Methodology 

Numerous methods of analysis for thiopental have been reported 

in the l i terature. One of the earl iest methods involved the formation 

of a colored complex of cobaltous ion and barbiturate in an alkal ine 

anhydrous medium (Levvy 19^0). However, because of i ts lack of sensi

t iv i ty and accuracy for quanti tat ive determinations, more widelyaccepted 

assay methods take advantage of thiopental 's absorption of l ight in the 

ultraviolet region (Hellman, Shett les and Stram 19^3; Jai ler and 

Goldbaum 19^6; Brodie et al .  1950). Ultraviolet techniques of analysis 

of thiopental depend on the fact that the ultraviolet spectrum of thio-

barbiturates has a maximum at about 290 nm when examined in acid media 

and about 305 nm in alkal ine media. Although the spectrophotometric 

methods of assay of thiopental are more accurate than colorimetr ic 

methods, they are not completely specif ic nor sensit ive enough to perform 

adequate pharmacokinetic studies. Studies by Brodie et al .  (1950) have 

shown that methods which employ diethyl ether or chloroform as extract

ing solvents produce a pharmacological ly inert biotransformation 

product, thiopental carboxyl ic acid, whose ultraviolet absorption curve 

is identical tothatof the parent drug. Thus, to increase the specif i

ci ty of the ultraviolet assay, a relat ively non-polar solvent, petroleum 

ether, containing 1.5% isoamyl alcohol, was used as the solvent least 

l ikely to extract metabolic products and to permit complete extract ion 

of thiopental.  Oroszlan and Maengwyn-Davies (I960) reported a specif ic 

spectrophotometric assay involving three dif ferent wavelengths, but 

having a sensit ivi ty of only 1 ug /ml. Specif ici ty and sensit ivi ty were 



improved by Dayton et al .  (1967) who developed a spectrophotof1uorimetric 

method which has a sensit ivi ty of 0.1 yg/ml using 3 ml plasma. 

With the advent of modern instrumentation, thiopental became 

more easi ly measured by gas-l iquid chromatography (GLC) and high 

performance l iquid chromatography (HPLC). One method (Becker 1976) 

which used GLC with a f lame ionization detector reported a sensit ivi ty 

of 0.2 yg/ml, but was found to be nonspecif ic for thiopental due to the 

presence of an interfering peak from a metaboli te, the methylated oxy-

analog of thiopental (pentobarbital).  A specif ic and apparently sensi

t ive assay requir ing no column or pre-column derivatization was re

ported by VanHamme and Ghoneim (1978) which had a ' low end1  sensit ivi ty 

of less than 25 ng/ml using 2 ml plasma samples. However, i t  has not 

been possible to dupl icate this analysis in our laboratory to concen

trat ions of 25 ng/ml. Although HPLC does not require t ime-consuming 

extract ion procedures fol lowed by derivatization, i t  is not the preferred 

assay method for pharmacokinetic studies because the sensit ivi ty of 

reported assays range between 0.5 to 1.0ug/ml (Masoud et al .  1978; 

Blackman and Jordan 1978; Toner et al .  1979). 

The use of a nitrogen-selective detector in the analysis of 

barbiturates has been described by many workers. Sennello and Kohn 

(197*0 using a nitrogen-sensit ive detector were able to detect concen

trat ions of thiopental down to 0.1 yg/ml in f ive ml plasma. A previous 

study (Braddock and Marec 1965) showed that these compounds are not 

readi ly gas chromatographed without prior derivatization especial ly 

when nanogram amounts are injected. In addit ion, chromatography of the 

free drug does not take ful l  advantage of the sensit ivi ty of a nitrogen-
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phosphorus detector. When methylat ing barbiturates by f lash heater 

methylat ing techniques with tr imethylani1inium hydroxide or tetramethyl-

ammonium hydroxide, large peaks on the nitrogen detector are caused by 

the derivatizing agents at the sensit ivi t ies required for the analysis. 

The method reported by Dunges and Bergheim-Irps (1973), in which an 

alkyl iodide and sodium carbonate in a polar nonaqueous solvent system 

were used to prepare the alkyl derivative, al lowed one to better control 

reaction condit ions and to avoid pyrolyt ic formation of tr ialkyl amines 

and thus permitt ing measurement of thiopental in the ng/ml range. 

Based on these previous studies, an analyt ical procedure for 

thiopental which involves off-column derivatization fol lowing extraction 

of a plasma sample and the subsequent quanti tat ion on a select ive 

nitrogen-phosphorus detector would appear to be a reasonable approach 

to the development of an assay to permit a thorough characterization of 

thiopental disposit ion in man. 

Statement of the Problem 

Although the pharmacodynamics, distr ibution characterist ics and 

cl inical use of thiopental are well  documented, there is a paucity of 

pharmacokinetic information. Pharmacokinetic data al low one to predict 

concentrat ions of drug in the body as related to dose, t ime and physio

logical and pathological changes in biological function. To date, most 

of the kinetic data on thiopental have been obtained from studies in 

animals and a few studies in human volunteers. In fact, very l i t t le 

information is avai lable from studies conducted in the operating room 

during the actual use of the drug. Only two pharmacokinetic studies 



(Ghoneim and VanHamme 1978; Andreasen et al .  1979) have been performed 

to date in patients undergoing surgery. Because of the abbreviated 

blood col lect ions in these two studies, the pharmacokinetic information 

obtained may not be rel iable. Although the interaction of thiopental 

with premedication, volat i le anesthetics, the disease state of the 

patient and surgery, may complicate the "pure" kinetics of thiopental,  

pharmacokinetic studies in these patients should yield useful informa

t ion to the anesthesiologist for i ts sound and practical use. 

Anecdotal reports have appeared in the medical l i terature sug

gesting that the dosage of thiopental needed during operations shows 

considerable individual variat ion. Data concerning the inf luence of 

disease (Shideman, Kel ly and Adams 19^9), other drugs (Dundee and Gray 

1951), body weight, sex and age (Dundee 195*0 have been publ ished. 

Although these empir ical observations may be val id, i t  is surprising 

that more quanti tat ive information is not avai lable, especial ly in l ight 

of the extent of the use of this anesthetic agent. 

Although thiopental has been known for decades to be local ized 

in fatty t issues, very l i t t le quanti tat ive information is avai lable 

regarding the inf luence of obesity on thiopental dosage requirements. 

Cl inical observations by anesthesiologists have shown than an obese 

person is relat ively more sensit ive to thiopental than a thin individual 

I t  has been postulated that an obese person is not real ly more sensit ive 

than the lean individual, but rather than an obese person has a smaller 

lean body mass per total body weight (TBW) than a lean individual and 

thus, requires less drug per TBW to f i l l  the smaller lean body mass. In 

fact, since there is an increase in fat content with age, elderly 



patients also require less thiopental than young adults who have a 

larger lean body mass per TBW. 

The purpose of this investigation is to examine the disposit ion 

of the intravenous anesthetic agent, thiopental,  in an elderly and a 

young populat ion of patients undergoing similar surgical procedures. 

An addit ional goal is to investigate the effect of body weight on thio

pental pharmacokinetics in a group of age-matched lean and obese patients 

undergoing surgery. As previously discussed, the choice of thiopental 

was based on the fact that this agent is used in many types of surgery 

and previous studies have al luded to the fact that the elderly and 

obese require a great deal less of this agent as compared to the young 

adult and lean subject, respectively. There is a paucity of pharmaco

kinetic data in man comparing these patient populat ions. The reason 

for this latter observation has been the lack of a sensit ive and speci

f ic assay procedure for thiopental in plasma or serum. The study out

l ined may provide a quanti tat ive explanation for the observed dif ferences 

in doses required and also result in a more r igorous approach to est i

mating the dose required for anesthesia. 



CHAPTER 2 

EXPERIMENTAL 

Materials and Methods 

Assay Methodology 

A gas chromatograph (Model 571 OA; Hewlett-Packard Co., Avondale, 

PA) equipped with a dual nitrogen-phosphorus f lame ionization detector 

was used. This instrument was f i t ted with a 1.20 m x 2 mm(i.d.) glass 

column packed with 3% 0V-17 coated on 100/120 Gas Chrom Q. (Supelco, Inc., 

Bel lefonte, PA). The injector port and detector temperatures were set 

at 250°C and 300°C, respectively. The column oven was temperature pro

grammed from 200°C to 240°C at a rate of 32°C/min. For maximal detector 

response to thiopental,  the gas f low rates were set as fol lows: 

nitrogen carr ier gas, AO ml/min; hydrogen, 3-8 ml/min and air,  80 ml/min. 

A dual pen recorder was used (Model 385; Linear Instruments Corp., Irvine, 

CA) at a chart speed of 1 cm/min. 

Thiopental was prepared by dissolving 1-2 grams of thiopental 

sodium (Pentothal ,  Abbott Labs., North Chicago, IL) in water. After 

dissolut ion, thiopental was precipitated by adding 3 M HC1. To the 

precipitate was added 25 ml chloroform which was then shaken in a sep-

aratory funnel. The chloroform layer was then dried over sodium sulfate. 

A rotary evaporator was used to evaporate the chloroform layer to dry

ness. The puri ty of thiopental was assessed from a melt ing point deter

mination (159°-160°C). Phenobarbita1 was used as obtained (El i  Li l ly 

and Co., Indianapolis, IN). 

58 
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Hexane, 2-propanol, methanol and ethyl acetate (glass-dist i l led, 

Burdick and Jackson Lab., Muskegon, Ml) were used as received. Acetone 

(reagent grade, Ma 11inckrodt, Inc., St. Louis, MO) was f i l tered through 

magnesium sulfate prior to use. lodomethane (Matheson, Coleman and Bel l ,  

Norwood, OH) was kept refr igerated unti l  used. Al l  aqueous solut ions 

were prepared in glass-redist i l led water and stored in glass. Outdated 

human plasma that had been stored frozen at -20°C was obtained from the 

blood bank at the University of Arizona Health Sciences Center for use 

in the preparation of the standards. The plasma was thawed to room 

temperature prior to use. 

Two internal standard solut ions of phenobarbital were used to 

encompass the concentrat ion range of thiopental expected in plasma and 

st i l l  retain reasonable values for thiopental/phenobarbital peak height 

rat ios. For plasma concentrat ions between 25 ng/ml and 500 ng/ml, a 1 

pg/ml phenobarbital solut ion in hexane was used, while for concentrat ions 

between 500 ng/ml to 10yg/ml, an 8 ug/ml phenobarbi tal  solut ion in 

hexane was used. 

To 1 ml plasma containing 0, 25, 50, 100, 250, and 500 ng 

thiopental,  1 ml of 1.5 M NaH2P0^, 1 ml 2-propanol and k ml hexane 

(containing 1 ug/ml phenobarbita1) were added. The contents of the tube 

were vortex-mixed for 15 seconds and centr i fuged (3000 rpm, 5 min). The 

upper organic phase was then transferred to a 15 ml test tube containing 

1 ml 2.5 M NaOH. The solut ion was vortex-mixed (10 sec) and centr i fuged 

(3000 rpm, 1 min), and the hexane layer aspirated. To the basic aqueous 

extract was added ml of drug-free hexane and the solut ion vortex-mixed, 

centr i fuged and aspirated as before. To the washed basic aqueous extract 
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was added 1 ml 3 M HC1 and k ml hexane. The contents of the tube were 

vortex-mixed and centr i fuged as before, and the organic layer evaporated 

to dryness under a stream of nitrogen at 60°C in a Reacti-vial (Pierce 

Chemical Co., Rockford, IL). 

Methylat ion was performed by adding 500 u 1 acetone, 100 yl  

iodomethane and about 5 mg sodium carbonate to the dried aqueous extract 

and incubating in a vortex evaporator at 60°C for 30 minutes. The super

natant after incubation was evaporated to dryness as before and recon

st i tuted with 20 ul  ethyl acetate, vortex-mixed and 2 ut injected onto 

the gas chromatographic column. Retention t imes of thiopental and pheno-

barbital are 1.7 and 1.3 minutes, respectively. The standard curves were 

constructed by plott ing thiopental/phenobarbital peak height rat ios vs. 

thiopental concentrat ions. 

At higher plasma thiopental concentrat ions, 200 yl  plasma con

taining 0, 0.5, 1, 2.5, 5, and lOyg/ml thiopental were added to equal 

volumes of 1.5 M Nal^ P0^ and 2-propanol. The extract ion was performed 

using 1 ml hexane containing 8yg/ml phenobarbi tal .  The extract ion pro

cedure at these higher plasma thiopental concentrat ions was performed as 

for the lower concentrat ions, except that the back-wash step with hexane 

was not necessary. Methylat ion of thiopental was performed exactly as 

for the lower concentrat ions. 

Reproducibi1i ty. The reproducibi l i ty of the method was deter

mined from repeated inject ion exper iments .  Plasma concentrat ions of 50 and 

500 ng/ml for the low end standard curve and 1 and 10 yg /ml for the high end 

standard curve were prepared and injected six t imes into the gas chromatograph. 
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Extraction eff iciency from plasma. Extraction eff icieny of 

thiopental from plasma was determined by adding known amounts of thio

pental equivalent to plasma concentrat ions of 50 and 500 ng/ml to the 

hexane layers after extract ion of drug-free plasma as previously de

scribed. The concentrat ions of thiopental in these samples were compared 

to the same concentrat ions of thiopental added direct ly to plasma and 

extracted as previously described. 

Stab?1i ty studies. Concentrat ions of 50 and 500 ng/ml thiopental 

were prepared in plasma as described above. Each concentrat ion was pre

pared in a single total volume of 10 ml plasma. One ml or 200 ul samples 

at each concentrat ion were placed into separate glass tubes and stored in 

a freezer at -20°C. Analyses were performed once a week over a period 

of eight weeks. On each day of analysis a standard curve in plasma was 

constructed and the thiopental concentrat ions of the stored samples were 

determined by comparing their thiopental/phenobarbital peak height rat ios 

with those of the standard curve. 

Drug interference studies. Possible interferences from diazepam, 

fentanyl and morphine, which are drugs commonly used prior to induction 

of anesthesia with thiopental,  were evaluated by performing the thiopen

tal analysis on human plasma samples spiked with lOyg/ml of each drug 

in methanol. 
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Data analysis. With al l  standard curves, a straight- l ine f i t  of 

the data was performed by least-squares l inear regression analysis. Al l  

results are expressed as mean±standard error. 

Protein Binding Determination 

Fresh blood samples from normal, healthy volunteers were 

col lected in heparinized (1^.3 USP units/ml) or non-heparinized test 

tubes. For serum, the blood was al lowed to clot for one hour and the 

serum was obtained by centr i fugation at 2500 rpm for 15 minutes. Plasma 

was separated immediately after blood col lect ion by centr i fugation at 

2500 rpm for 10 minutes. Human Serum Albumin, Fraction V Fatty Acid 

Free (United States Biochemical Corp., Cleveland, OH) was used as re

ceived. An albumin concentrat ion of kO g/1 was prepared using glass-

dist i l led water. 

14 
Thiopental-2- C(6.3 mCi/mmole) was obtained from ICN, Isotope 

Nuclear Division, Irvine, CA. Radioactive puri ty was greater than 98%. 

ft 
Thiopental free acid was prepared from thiopental sodium (Pentothal ,  

Abbott Laboratories, North Chicago, IL). Final concentrat ions of 50 

ng/ml to lOyg/ml were prepared by adding a constant amount of radio

active and varying amounts of cold thiopental to plasma or serum. 

Equi1i br i  um dialysis. Dialysis membranes (Technilab Instruments, 

Pequannock, NJ) wi th a molecul ar wei ght cut-off of 6000 were cl  eaned by placi ng 

them i  n gl ass-di st i  11 ed water. Thi s process was repeated hourly over a period 

of three hours. Prior to use, the dialysis membranes were soaked for at 
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least two hours in a 0.13 M phosphate buffer, pH 7 . k .  An acryl ic plas

t ic dialyzing chamber consist ing of two plast ic blocks with eight 1 ml 

cavit ies (Bel Art Products, Pequannock, NJ) was used for equi l ibr ium 

dialysis. The dialysis membranes were cut and placed between the plas

t ic blocks which were then clamped together. Through the access ports, 

one ml 0.13 M phosphate buffer, pH l .k, was added to one side of the 

membranes using a 1 ml syringe attached to a 21 gauge needle. To the 

other side was added 1 ml plasma or serum to which label led and un

labeled thiopental had been added. The dialyzing chamber was placed in

to a 37°C water bath or kept at room temperature (24°C). The apparatus 

was rotated at a rate of 60 rpm unti l  equi1ibriurn was reached. After 

reaching equi l ibr ium, 600 yl  of the buffer solut ion or 200 ul of serum 

was added to 10 ml Instagel (Packard Instrument Co., Downers Grove, IL) 

and l iquid scint i l lat ion counting (Model LS-100C, Beckman Instruments, 

Inc., Ful lerton, CA) performed to 2% counting error. Counts per minute 

(cpm) were converted to disintegrations per minute (dpm) by use of an 

external standard channels rat io method with an appropriate quench curve 

for Instagel. After dialysis, the membranes were counted to determine 

the amount of drug bound to the membrane. In addit ion, the volume of 

f luid on both sides of the membrane was routinely determined. The per

centage of unbound thiopental was calculated by dividing the concentra

t ion of thiopental in the buffer solut ion by the concentrat ion of thio

pental in the serum after dialysis. Equil ibr ium dialysis at 37°C was 

also performed on samples of ultraf i1trate obtained at 37°C, spiked with 

1  k  
500 ng/ml C thiopental.  
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U1traf i1trat ion. The ULTRA-FREE^ ( lot #A0A39020, Worthington 

Diagnostics, Freehold, NJ) anticonvulsant drug f i l ter with a molecular 

weight cut-off of 40,000 was used. Ultraf i l trat ion was performed by 

aspirat ion with a 1 ml syringe plunger to provide a vacuum source. 1 ml 

serum samples were placed into the reservoir cup of the f i l ter unit and 

al lowed to stand undisturbed for at least two minutes prior to creation 

of a vacuum. Al l  samples and the apparatus were pre-equi1ibrated for 

at least 15 minutes at either 37°C or 24°C prior to use. Ultraf i l trat ion 

was performed unti l  volumes of 100—600 u 1 of ultraf i1trate were col lected. 

Analysis of ultraf i1trate was carr ied out as described for equi l ibr ium 

dialysis. With ultraf i l t rat ion, however, the fract ion of thiopental 

that was unbound was determined by dividing the concentrat ion of thio

pental in the ultraf i1trate by the total thiopental concentrat ion in 

the serum prior to f i l t rat ion. 

Protein determination. Total protein concentrat ion in serum, the 

buffer solut ion after equi l ibr ium dialysis and in the "protein-free" 

drug solut ion after ultraf i l t rat ion was determined by adding 10 or 100 ul 

of this solut ion to 5 ml Coomasie Bri l l iant Blue G-250 reagent (Bradford 

1976). This reagent was prepared by dissolving 100 mg Coomasie Bri l l iant 

Blue G-250 (Sigma, St. Louis, M0) in 50 ml 95% ethanol. To this solut ion 

was added 100 ml 8S% (w/v) phosphoric acid and suff icient glass-dist i l led 

water to make one l i ter. The solut ion was f i l tered prior to use. Protein 

concentrat ions were determined at 595 nm from a standard curve prepared 

using 10, 20, 30, 40, 50, 60, and 70 ug human serum albumin and a Gil ford 

spectrophotometer. The percentage of total protein which penetrated the 
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ultraf i l trat ion and dialysis membranes was determined by dividing the 

amount of protein in the ultraf i1trate or buffer solut ion after equi l i 

brium dialysis, by the total amount of protein in the sample prior to 

equi l ibr ium dialysis or ultraf i l t rat ion. 

Data analysis. Al l  results are expressed as mean±standard 

error. Stat ist ical evaluation of the data was performed using the 

Kolmogorov-Smirnov non-parametric test for two independent samples. 

A value of P < 0.05 was considered to be stat ist ical ly signif icant. 

Determination of Blood/Plasma Ratio for Thiopental 

The blood/plasma rat io for thiopental at 37°C was determined in 

tr ipl icate in each patient. Two ml whole blood obtained prior to admin

istrat ion of thiopental was col lected in a 10 ml Monoject (Sherwood Medi 

cal Industr ies, St. Louis, MO) blood col lect ion tube containing 143 USP 

units of l i thium heparin. To the tube was added 250 ng/ml thiopental-

14 
2- C(6.3 mCi/mmole). The blood sample was then rotated slowly (approxi 

mately 6-10 rpm) in a 37°C water bath for twenty minutes. Immediately, 

R 
200 p 1 al iquots of whole blood were placed in Combustopads with Com-

ft 
bustocones (Packard Instrument Co., Downers Grove, IL). The remainder 

of the whole blood was then centr i fuged at 3000 rpm for 10 minutes. 

ft 
200 yl  al iquots of plasma were placed in Combustopads with Combusto-

ft 
cones .  The blood and plasma in the combustion cones were air dried and 

the radioactivi ty determined by oxidation to carbon dioxide and water 

using a Packard Tri-Carb Sample Oxidizer, Model B306 (Packard Instrument 

1 4 R 
Co., Downers Grove, IL). Generated CO2 was trapped in 4 ml Carbosorb 
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with 12 ml Permaf1uor-V added as scint i l lat ion f luid. Samples were 

always burned for 45 seconds while st i l l  wet by the addit ion of 3 drops 

of water to assist ignit ion and complete oxidation of the biological 

f luids. Oxidized samples were counted to a 2% counting error and cpm 

values converted to dpm values by use of an external standard channels 

rat io with an appropriate quench curve for Permaf1uor-V. Counting 

eff iciencies ranging between 75 to 85% were obtained. 

Thiopental Pharmacokinetics in Obesity 

Subjects. Eight lean, healthy adult female patients between the 

ages of 25 and 43 years (34.50±2.26) and weighing 50 to 64.0 kg (57.4± 

1.75) and seven (f ive females and two males) markedly obese age-matched 

adult patients between the ages of 25 and 46 years (33.00±2.65) and 

weighing 84.6 to 215 kg (137-93±15-61) undergoing primari ly elect ive 

abdominal surgery were studied. Body mass index (BMI = weight(kg)/ 

height (meters)) was used to define obesity. Al l  obese patients were 

classif ied as being morbidly obese when the BMI exceeded a value of 

30(35-40% overweight) (Bray 1978). A complete blood chemistry (SMA-20), 

ur inalysis, hematocri t  and complete and dif ferential blood counts were 

performed in each patient prior to the study. The study was approved 

by the Human Subjects Committee at the University of Arizona Health 

Sciences Center. Writ ten consent to part icipate was obtained from each 

individual after the nature, purpose and r isks of the investigation were 

explained. A copy of the consent form can be found in Appendix VII.  
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Study design. In seven of the eight lean patients, premedica

t ion consisted of glycopyrrolate, 0.2 to 0.3 mg intramuscularly (IM), 

diazepam, 10 mg oral ly and/or morphine sulfate, 6 to 10 mg IM. In 

patient PL, 75 mg meperidine was used for premedication. In f ive of 

the seven obese patients, premedication consisted of glycopyrrolate, 

0.3 mg IM, diazepam, 10 to 15 mg oral ly and/or 10 mg morphine sulfate, 

IM. In patients 0E and RC, premedication consisted of 15 mg diazepam 

oral ly. In al l  patients, gal lamine (10 to 20 mg IV) was given and the 

patients pre-oxygenated (three to f ive minutes) prior to induction of 

anesthesia. Anesthesia was induced with thiopental (2.59 to 5«98mg/kg); 

this was fol lowed by succiny1choline (70 to 200 mg IV), cr icoid pres

sure, and placement of cuffed endotracheal tubes. Anesthesia was main

tained (two to four hours) with a mixture of nitrous oxide, oxygen and 

enflurane. Pancuronium bromide (2 to 10 mg IV) was employed for muscle 

relaxation in al l  patients, while venti lat ion in the obese patients was 

control led to maintain arterial carbon dioxide tension (PaCO^) at 

AO ±5torr. Arterial blood gas values were confirmed by serial determina

t ions .  

Ten ml arterial and/or venous blood samples were obtained prior 

to  a n d  a t  5 ,  1 0 ,  1 5 ,  3 0 ,  k S  m i n u t e s  a n d  a t  1 ,  2 ,  k ,  6 ,  8 ,  1 2 ,  1 6 ,  2 k ,  

36, kS, 60, 72, 8k, 96 hours after induction of anesthesia with thiopen

tal or unti l  serum concentrat ions were less than 50 ng/ml. In the obese 

patients, blood samples were drawn from an arterial l ine for the f i rst 

twenty-four hours. Thereafter, a heparin lock was used for al l  subsequent 



samples. In the lean patients, al l  blood samples were drawn from a 

heparin lock. 100 USP units of heparin was used to f lush the heparin 

lock after a blood sample was obtained. 

Serum was obtained by centr i fugation of the clotted blood 

samples within 60 minutes of drawing the blood sample and kept frozen 

at -20°C. Al l  serum samples were assayed for thiopental as previously 

described under Assay Methodology. Zero t ime samples were spiked with 

1  k  
250 ng/ml C thiopental and equi l ibr ium dialysis performed to deter

mine the binding of thiopental to serum proteins. In addit ion, the 

thiopental blood to plasma rat io was determined by spiking zero t ime 

1 k  
blood samples with 250 ng/ml C thiopental.  

Effect of Age on Thiopental Pharmacokinetics 

Subjects. Twenty-two lean, healthy adult female patients betwen 

the ages of 25 and 83 years and weighing 43.5 to 82.3 kg and undergoing 

primari ly elect ive abdominal and/or orthopedic surgery were studied. A 

complete blood chemistry (SMA-20), ur inalysis, hematocri t  and complete 

and dif ferential blood counts were performed in each patient prior to 

the study. The study was approved by the Human Subjects Committee at 

the University of Arizona Health Sciences Center. Writ ten consent to 

part icipate was obtained from each individual after the nature, purpose 

and r isks of the investigation were explained. A copy of the consent 

form can be found in Appendix VII.  
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Study design. In sixteen of the twenty-two lean patients, pre

medication consisted of glycopyrrolate, 0.2 to 0.3 mg IM, diazepam, 10 

to 15 mg oral ly and/or morphine sulfate, 6 to 10 mg IM. Patient MO re

ceived no premedication. Patients VAS and SG received only 10 mg 

diazepam oral ly. Patients PL, PA and FW received 50 to 75 mg meperidine 

IM as premedication. In addit ion, patients PA and FW received 10 mg 

diazepam oral ly and 50 mg pentobarbital,  IM, respectively. In eighteen 

patients, gal lamine (10 to 20 mg IV) was given and al l  patients pre-

oxygenated (three to f ive minutes) prior to induction of anesthesia. 

Anesthesia was induced with thiopental (2.24 to 7.61 mg/kg); this was 

fol lowed by succinylchol ine (80 to 160 mg IV), cr icoid pressure, and 

placement of cuffed endotracheal tubes. Anesthesia was maintained 

(1.5 to 10.5 hours) with a mixture of nitrous oxide, oxygen and enflurane. 

Pancuronium bromide (1.33 to 10 mg IV) was employed for muscle relaxa

t ion. 

Ten ml arterial and/or venous blood samples were obtained prior 

to and at 5, 10, 15, 30, 45 minutes and at 1, 2, 4, 6, 8, 12, 16, 24, 36, 

48, 60, 72, 84, 96 hours after induction of anesthesia with thiopental 

or unti l  serum concentrat ions were less than 50 ng/ml. In some patients, 

blood samples were drawn from an arterial l ine for the f i rst twenty-four 

hours. Thereafter, a heparin lock was used for al l  subsequent samples. 

In the other patients, al l  blood samples were drawn from a heparin lock. 

100 USP units of heparin was used to f lush the heparin lock after a 

blood sample was obtained. Serum was obtained by centr i fugation of the 

clotted blood samples within 60 minutes of drawing the blood sample and 

kept frozen at -20°C. Al l  serum samples were assayed for thiopental as 
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previously described under Assay Methodology. Zero t ime samples were 

1 k  
spiked with 250 ng/ml C thiopental and equi l ibr ium dialysis performed 

to determine th.,  binding of thiopental to serum proteins. In addit ion, 

the thiopental blood to plasma rat io was determined by spiking zero t ime 

1 k  
blood samples with 250 ng/ml C thiopental.  

Data analysis. The serum concentrat ion(C) vs. t ime(t) data 

after intravenous administrat ion of sodium thiopental were f i t  to the 

fol lowing equation: 

C =  J A . e 'V <"> 
i - 1  '  

using the nonlinear least squares regression analysis program, NONLIN 

(Metzler 1969). In equation 2 k ,  n is the number of exponents required 

to describe the serum concentrat ion -  t ime data, A. is a zero t ime in-
i  

tercept and X. is a disposit ion rate constant. A weighting function of 

2 
1/C was found to provide the best f i t  of the data. Choice of an appro

priate model was determined by use of an F-test (Boxenbaum et al .  197*0. 

Ini t ial  estimates for A. and X. required for input into NONLIN were 

direct ly obtained from a In C versus t ime plot using the method of re

siduals to resolve the curve into i ts various exponential components 

(Gibaldi and Perrier 1975). From the estimated parameters, the total 

( i .e. t ime zero to inf ini ty) area under the serum concentrat ion -  t ime 

curve (AUC) was determined from the fol lowing expression: 

AUC = "  _^i_ (25) 
.  ,  X. 1 = 1 i  



71 

Total body clearance (CI) was determined by 

CI = D iv (26) 
AUC 

where D«v  is the intravenous dose of thiopental.  Biologic half- l i fe 

(t^),  apparent volume of distr ibution (V^), volume of the central 

compartment (V ) and steady-state volume of distr ibution (V ) was 
c ss 

calculated using the fol lowing relat ionships: 

t = — 
X 

t .  = -r-2- (27) 
n 

VR = D iv (28) 
p  AUC-X 

n 

» D. 
Vc- —!*- (29) 

n 
I  A. 

l - l  '  

and 

-  Jlv .  ( ;  J. ) (30) 

(AUC) i=l  Xj 

Unbound total body clearance (Clu) and unbound volumes of distr ibution 

(V„ ,  V and V )  were determined as fol lows: 
@u cu ssu 

CI = — (30 
u a 

V - ̂  <32) 
a 

vcu ( 33 )  
a 
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and 

Vss  = ^ss_ (3*0 
a 

respectively, where a is the fract ion of thiopental not bound to serum 

proteins. Blood clearance (Clg) was determined from the total body 

clearance and the blood/plasma rat io for thiopental (C_/C_): 
D P 

Clg = Cl/(CB/Cp) (35) 

All results are expressed as mean±standard error. Differences 

in kinetic variables between age-matched lean and obese patients were 

determined by Student's t  test. The effect of age on the kinetic 

parameters for thiopental were determined by correlat ion analysis (Nie 

et al .  1975). A value of p < 0.05 was considered to be stat ist ical ly 

signif icant. In addit ion, the simultaneous inf luence of several identi

f iable independent factors (age, smoking status, alcohol use, serum pro

tein concentrat ion, serum albumin concentrat ion, SGPT, SGOT, 8MI and 

extent of protein binding (a)) on kinetic variables for total and un

bound thiopental were determined by mult iple regression analysis (Nie 

et al. 1975). 



CHAPTER 3 

RESULTS 

Assay Methodology 

The development of a specif ic and sensit ive analyt ical procedure 

for quanti tat ing concentrat ions of thiopental in plasma or serum was 

necessary to completely characterize the disposit ion of thiopental in 

humans. The method involved methylat ion of thiopental and quanti tat ion 

using gas chromatography with a nitrogen-selective detector. Representa

t ive chromatograms at the high (500 ng/ml) and low (50 ng/ml) concentra

t ions using this procedure are shown in Figure 7- The methylated oxy-

analog of thiopental,  N, N-dimethyl-pentobarbital,  elutes with the sol vent 

front in this system. 

The standard curves constructed for the peak height rat ios of 

thiopental to internal standard were al l  l inear and reproducible. Seven 

standard curves of thiopental in plasma with concentrat ions of 0, 25, 

50, 100, 250, and 500 ng/ml at the low concentrat ions and 0, 0.5, 1, 

2.5, 5, and 10ug/ml at the high concentrat ions were made at dif ferent 

t imes over a two week period. The slopes of the peak height rat io of 

thiopental to internal standard vs. thiopental concentrat ion in plasma 

for the kl  points at the low and high concentrat ions were 0.00585± 

0.00003 ml/ng and 0.523 ±0.002 ml/ug ,  respectively. The coeff icients 

of variat ion(CV) of the slopes were 3.S% and 2.5% and correlat ion 

73 
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Figure 1. Gas Chromatograms of Thiopental in Human Plasma. 

A: 1 ml drug-free plasma with phenobarbital ( IS) as internal 
standard; B: 1 ml plasma spiked with 50 ng/ml thiopental (T); 
C: 200 yl  drug-free plasma with phenobarbital ( IS); D: 200 ul 
plasma spiked with 500 ng/ml thiopental (T). 
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coeff icients of 0.98 and 0.99 were obtained for the low end and high end 

standard curves, respectively. The corresponding intercepts were 

-0.090 ± 0.008 ng/ml and -0.168 ± 0.010 yg/ml. 

Figures 8 and 9 are graphs of the peak height rat ios of thiopen

tal to phenobarbita1 as a function of high and low thiopental concentra

t ions, respectively. 

The reproducibi l i ty of the method was determined based on six 

repeated inject ions of 50 and 500 ng/ml for the low end standard curve 

and 1 and 10ug/ml for the high end standard curve. The coeff icients 

of variat ion for thiopental in plasma for the low end standard curve 

were 6.0% (51.7 ±1.3 ng/ml) and 3-9% (507.1 ±8.1 ng/ml), respecti  vely. 

At the high concentrat ions, the coeff icients of variat ion for thiopental 

were 3 - 4 % ( l  .05 ± 0.04 ug /ml) and 10.5% (10.1 4 ± 0.1 4 ug /ml) ,  respect i  vely. 

Thiopental recovery from plasma averaged 89.9 ±3-3% and 82.8 + 

1.1% at 50 and 500 ng/ml, respectively. 

No detectable change in thiopental stabi l i ty was observed over 

an eight week study period. The 50 and 500 ng/ml solut ions yielded 

concentrat ions of 49.9 ±1.6 ng/ml and 497.5 ±10.3 ng/ml, respectively. 

Diazepam, fentanyl and morphine, which are drugs frequently used 

in conjunction with thiopental,  were tested for potential interference 

with the assay. Since these drugs are bases and are not extracted by 

our procedure, no interference was seen at the retention t imes of thio

pental or i ts internal standard, phenobarbital.  
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Figure 8. Gas Chromatographic Standard Curve of Thiopental (0.5 to 10 
pg /ml) Added to Human Plasma. 
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Figure 9. Gas Chromatographic Standard Curve of Thiopental (25 to 500 
ng/ml) Added to Human Plasma. 
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Protein Binding Determination 

I t  is well  establ ished that the non-protein bound form of a 

drug is responsible for producing a pharmacological response, therefore 

the determination of unbound as well  as total ( i .e. bound + free) thio

pental concentrat ions was performed in each patient of the study. Two 

procedures, equi l ibr ium dialysis and ultraf i l t rat ion, were compared to 

determine the method of choice to be used in determining unbound thio

pental concentrat ions in serum. 

By taking samples at various t imes during equi l ibr ium dialysis, 

i t  was determined that 12 and 16 hours were required to reach equi l ibr ium 

at 37°C and 2A°C, respectively. Al l  subsequent binding studies using 

equi l ibr ium dialysis were carr ied out for at least that period of t ime. 

The t ime course of approach to equi l ibr ium at 37°C and 2^°C are shown in 

Figures 10 and 11, respectively. Because errors in the determination of 

the fract ion of thiopental not bound to serum proteins may be caused by 

a shif t  in volume across the membrane, due to the osmotic act ivi ty of 

the protein molecules, the volume of f luid on both sides was routinely 

determined. Approximately 5% (range: 0-10%) water migrated between the 

two sides. Thiopental adsorption to the membrane as a percentage of the 

total concentrat ion was also considered negl igible, averaging 0.59± 

0.03% (range: 0.45%-0.69%). An average of 95.03 ±0.52% of the total 

ini t ial  radioactivi ty could be accounted for. Using equi l ibr ium dialysis 

at 37°C, we have shown that the free fract ion of thiopental is l inear 

between 50 ng/ml and 10 ug/ml. A plot of the concentrat ion dependence 

on the binding of thiopental to serum proteins is shown in Figure 12. 
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The free fract ion of thiopental increases from 0.127±0.001 at 50 ng/ml 

to 0.157 ± 0.003 at 10 ug /ml. 

A comparison between equi l ibr ium dialysis and ultraf i l t rat ion 

at 37°C and 2^°C is shown in Table VIII .  Stat ist ical evaluation of the 

two methods required the use of the Kolmogorov-Smirnov nonparametric 

test because Cochran's test for the homogenity of variances indicated 

that the data did not fol low a normal distr ibution. The percentages of 

unbound thiopental in serum were signif icantly dif ferent (P < 0.005) at 

2kC (C and 37°C using equil ibrium dialysis, the values being \h.2% 

(CV = 3.^%) and 17-7% (CV = 6.8%), respectively, at a total thiopental 

concentrat ion of 250 ng/ml. 

Ultraf i l trat ion is general ly restr icted to 10% of the total sam

ple volume. This is done to avoid mass act ion effects due to concentra

t ion of the protein which could upset the binding equi l ibr ium. Thus, 

total volumes removed from the ini t ial  1 ml serum sample ranged between 

3k and l80yl .  The percentage of thiopental not bound to serum proteins 

at 24°C and 37°C were 15.9% (CV = 1^%) and 26.3% (CV = 9.7%), respectively. 

There were signif icant dif ferences (P < 0.05, Table Vl l l )  in the percent

age of unbound thiopental between equi l ibr ium dialysis and ul traf i l t ra

t ion at 37°C (P < 0.005), but not at 2k°C (P < 0.20). 

To determine whether the total volume of ultraf i1trate obtained 

affected the percentage of unbound thiopental,  ul traf i l t rat ion was per

formed at 2k°C with volumes of 90-180 ul and volumes greater the 550 pi 

removed. At those volumes, the percentages of unbound thiopental were 

15.2% (CV = 7.2%) and 23-8% (CV = 1.2%), respectively. 
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Table VIII .  Comparison of Ultraf i l trat ion (UF) and Equil ibr ium Dialysis 
(ED) and the Effect of Temperature on the Binding of ^C-
thiopental (250 ng/ml) in Serum. 

Method 
/o \ 

Temperature ( C) % unbound drug- % CV(n)+  

ED 

UF 

37 

2k 

37 

2k 

17.7 ± 0.3 —j —, 

\ k . 2  ±  0 . 2 -

26.3 ± 1.1 

15 .9  ±  0 .8  

6 . 8  ( H )  

3.k (7) 

9.7 (6) 

15.0 (7) 

^Comparisons shows are signif icantly dif ferent (P < 0.005) 

+CV = coeff icient of variat ion; n = number of determinations. 
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To explain the apparent discrepancy between the percentage of 

thiopental bound to serum proteins using equi l ibr ium dialysis and 

ultraf i l t rat ion, protein concentrat ions in the ultraf i1trate and in 

the buffer solut ion after equi l ibr ium dialysis were determined. Figure 

13 is a typical standard curve constructed with human serum albumin 

which was used to determine the total protein concentrat ion. Table IX 

shows the percentage of total protein which penetrated the ultraf i l t ra

t ion and dialysis membranes. As expected, since the dialysis membranes 

have a smaller molecular weight cut-off than the ultraf i l t rat ion mem

branes, a larger percentage of protein was found in the ultraf i1trate 

than in the buffer. After equi l ibr ium dialysis of serum at 37°C and 

24°C, 0.19 ±0.01% and 0.13 ±0.02% protein was found in the buffer solu

t ion, respectively. The percentage of protein penetrat ing the ultra

f i l t rat ion membrane at 37°C was determined to be dependent on the volume 

f i l tered. In two experiments where 90-100 yl volumes were f i l tered, 

0.06% and 0.34% protein was found in the ultraf i1trate, while 5.47% and 

2.22% protein was found after removal of 550-600 ul ul traf i1trate. At 

24°C, similar results were observed with 0.78±0.34% and 2.77 x 0.96% 

protein found in the ultraf i1trate after removal of 90-100 yl and 550 

to 600 yl volumes of ultraf i1trate, respectively. 

Since the percentage of thiopental bound to serum proteins is 

dif ferent between equi l ibr ium dialysis and ultraf i l t rat ion at 37°C, i t  

was decided to determine whether the proteins found in the ultraf i1trate 

would bind thiopental and whether albumin was f i l tered through the ultra 

f i l t rat ion membrane. Human serum albumin at a concentrat ion of 40 g/1 
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Figure 13- Standard Curve for the Amount of Albumin Using Coomass 
Bri l l iant Blue Dye Binding Technique. 



Table IX. Equil ibr ium Dialysis (ED) and Ultraf i l trat ion (UF) of Serum Proteins :  Effect of 
Volume and Temperature 

Method Temperature (°C) 
Total 
Serum 

"Apparent" Protein (mg) 
Fi 1trate 

X Protein in 
ultraf i1trate 

+ 
n 

37 

ED 67 

60.57 

57-12 

± 0.19 

± 0.67 

0.12 + 0.01 

0.08 ± 0.01 

0.19 ± 

0.13 ± 

0.01 

0.02 

6 

5 

Small  Volume (90-100 yl)  

37 
UF 21, 

59.29 

59.29 

± 0.54 

± 0.54 

2.55, 1.83 

2.65 ± 1.22 

0.60, 

0.78 ± 

0.34 

0.34 

2 

3 

Large Volume (550-600 pi ) 

UF 37 

24 

59.29 

59. Oil  

± 0.5^ 

± 0.24 

3.28, 1.33 

1.63 ± 0.39 

5.47, 

2.77 ± 

2.22 

0.96 

2 

3 

oo 
ON 
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was dialyzed and f i l tered at 37°C to determine the percentage of 

"apparent" albumin found in the buffer side and in the ultraf i1trate, 

respectively. The amount of albumin found in the ultraf i1trate 

(0.061 ± .001%) and in the dialysate (0.036 ± 0.003%) at 37°C was negl i

gible. 

To determine i f  the protein found in the ultraf i1trate bound 

thiopental,  equi l ibr ium dialysis at 37°C was performed on samples of 

O 1 ̂ 4 
u l traf i1trate obtained at 37 C, spiked with 500 ng/ml C-thiopental.  

The rat io of drug in the buffer side to that in the ultraf i1trate ( i .e. 

unbound fract ion) was 0.76±0.03. In addit ion, a negl igible amount of 

protein from the ultraf i1trate (0.30 ±0.11%) crossed the semi-permeable 

membrane during dialysis. 

Recent reports in the l i terature suggest that protein binding 

may be dif ferent in serum and plasma and that heparin may displace 

certain drugs from their serum or plasma protein binding sites. Studies 

were performed using equi l ibr ium dialysis (37°C) to determine the effect 

of heparin on the binding of thiopental.  The unbound fract ions of 

thiopental in serum, serum in the presence of 50 USP units/ml heparin 

and plasma were 0.167± 0.001, 0.173 ± 0.005, 0.167 ±0.001, respectively. 

These f indings pertain, however, only to the in vi tro situation. 

Thiopental Pharmacokinetics in Obesity 

Appendices VIII  and IX summarizes the cl inical data for al l  

twenty-two lean patients and the seven morbidly obese patients, respec

t ively. The f i rst eight patients l isted in Appendix VIII  were age-

matched to the seven morbidly obese patients and the data obtained were 
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used both in determining the inf luence of obesity as well  as age on the 

pharmacokinetics of thiopental.  Sex, age, weight, body mass index (BMl) 

smoking status, alcohol use, type of surgery and current drug use are 

l isted. Appendices X and XI summarize the preoperative biochemical data 

for al l  twenty-two patients and the seven morbidly obese patients, 

respectively. Preoperative serum creatinine (Cr), total serum protein 

concentrat ion, serum albumin concentrat ion, SGPT and SGOT levels are 

l isted. Serum creatinine (except patient RC), serum albumin, SGPT 

(except patient LM) and SGOT (except patient LM) in both age-matched 

lean and obese patients, were within normal l imits. In approximately 

half  of the age-matched lean patients and half  of the obese patients, 

serum protein concentrat ions were sl ightly below normal. The mean cl ini  

cal data for young, age-matched lean and obese patients are l isted in 

Table X. Preoperatively, no signif icant dif ference in any of the above 

variables between the obese and lean patients'  groups was detected with 

the exception of weight and body mass index. On the average, the weight 

and body mass index were approximately 2.2 and 2.k t imes larger in the 

obese populat ion, respectively. 

Serum concentrat ion versus t ime plots after intravenous adminis

trat ion of thiopental in a typical young, lean (SR) and obese patient 

(PH) are presented in Figure 14. Serum concentrat ion versus t ime plots, 

as well  as the raw data, for each obese and nonobese patient can be 

found in Appendices XII,  XIII ,  XIV, XV. I t  was found that in the age-

matched lean patient, the serum concent rat ion-t ime data were best 

described by a l inear two-compartment model in seven patients and by a 



Table X. Mean Cl inical Data for Lean and Obese Patients. 

89 

Parameter Lean* Obese* 
Value of 

Student's t  

Age (yrs) 34.50 ± 2.26 33.00 ± 2.65 0.43 ( NS )  

Weight (kg) 57.41 ± 1.75 137-93 ± 15.61 5-50 (p < 0.001) 

BMI (kg/m2) 21.51 ± 0.71 48.21 ± 4.44 6.35 (p < 0.001) 

Protein (g&) 6.18 ± 0.23 6.21 ± 0.23 0.12 ( NS )  

A1bumin( g % )  3-79 ±0.09 3.60 ± 0.09 1.51 ( NS )  

SGPT (U/l)  4.13 ± 0.93 21.57 ± 9.12 2.04 ( NS )  

SGOT (U/l)  12.38 ± 2.02 30.29 ± 8.84 2.11 ( NS )  

*Mean ± S.E. 
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Figure 14. Representative Thiopental Serum Concentrat ion-t ime Plot for 
a Lean (SR) and Obese (PH) Patient after Intravenous Adminis
trat ion of Sodium Thiopental.  
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three-compartment model (Figure 15) in one patient. However, a three-

compartment model described the disposit ion of thiopental in f ive obese 

patients and a two-compartment model in two obese patients. The pharma

cokinetic coeff icients and exponents describing the thiopental serum 

concentrat ion-t ime curve in lean and obese patients are l isted in 

Appendices XVI and XVII,  respectively. The pharmacokinetic parameters 

for total (bound + free) thiopental and unbound thiopental,  generated 

from these coeff icients and exponents are l isted in Appendices XVIII  

and XIX for the lean patients and in Apendices XX and XXI for the obese 

patients. Mean pharmacokinetic parameters for total and unbound thio

pental in the age-matched lean and obese patients are presented in 

Table XI. Figures 16 and 17 present histograms which summarize the 

dif ferences between dose, BMI, V., V ,  CI and el imination half- l i fe 
0 ss 

between the age-matched lean and obese groups. Vert ical l ines shown 

are mean±standard error. In this study, where the anesthesiologist was 

al lowed to choose the thiopental dose necessary to induce anesthesia, 

i t  was found that the obese patient was given signif icantly (p < 0.02) 

less thiopental (3.89±0.26 mg/kg) than that given to the age-matched 

lean patient (5.08 ±0.26 mg/kg). The average values of V and V ,  the 
p ss 

apparent volumes of distr ibution in the el imination phase and at steady-

state, respectively, were 1.3k ±1.72 1 /kg and 4.72 ±1.03 1 /kg in the 

obese patient and were signif icantly larger than that found in the age-

matched lean patient (1.95 ±0.22 1 /kg and 1.40 ±0.16 1 /kg). The 

systemic clearance of thiopental,  which ref lects the intr insic abi l i ty 

of the l iver to metabolize thiopental,  averaged 0.21 ±0.02 1/hr/kg and 
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Figure 15. Two- and Three- Compartment Pharmacokinetic Models with 
First-order El imination from the Central Compartment. 



Table XI. Pharmacokinetic Parameters for Total and Unbound Thiopental in Lean and Obese Patients. 

Total Thiopental" Unbound Thiopental JL 

Lean (n=8) Obese (n=7) 
Value of 

Student's t  
Lean (n=8) Obese (n=7) Value of 

Student's t  

Dose (mg/kg) 5.08 ± 0.26 3.89 ± 0.32 2.98 (p < 0.02) 

Vg  ( l /kg) 1.95 ± 0.22 7.94± 1.72 3.70 (p <0.005) 9.85 ± 1.21 39.70 + 8.25 3.84 (p <0.005) 

Vss  ( l /kg) 1.40 ±0.16 A.72± 1.03 3.40 (p< 0.005) 7.47 ± 0.79 23.58 ±5.05 3.37 (p< 0.005) 

CI (1/hr/kg) 0.21 ±0.02 0 . 1 8  ±  0 . 0 3  0.82 ( NS )  1.04 ±0.12 0.88 ± 0.15 0.82 ( NS )  

CI (1/hr) 11.86 ± 1.29 24.98 ± 5.62 2.42 (p<0.05) 59-95 ±7-13 125.69 ±27.97 2.42 (p<0.05) 

t ] / 2  (hrs) 6.61 ±0.52 31.87 + 4.53 5.94 (p < 0.001) 

a 0.20 ± 0.01 0.20 ± 0.01 0.30 ( NS )  

B/P 0.88 ± 0.02 0.85 ±0.03 1.01 ( NS )  

"Mean ± S.E. 
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0.18±0.03 1/hr/kg in the age-matched lean and obese patient, respect

ively, which was not signif icantly dif ferent. However, when the systemic 

clearance of thiopental is not corrected for total body weight, i t  was 

found that the total body clearance was signif icantly larger in the 

obese (24.98 + 5.62 1/hr) than in the age-matched lean patients (11.86 ± 

1.29 1/hr).  The half- l i fe of thiopental which is a function of both the 

apparent volume of distr ibution and clearance, was signif icantly longer 

in the obese (31.87 ±4.53 hours) than in the lean patients (6.61 ±0.52 

hours). The longer half- l i fe in the obese patient was determined to be 

primari ly a function of the larger apparent volume of distr ibution of 

thiopental.  

For both the age-matched lean and obese patients, thiopental was 

extensively bound to serum proteins. The free fract ion ranged between 

M.3% to 23.4% (Appendices XIX and XXI) and averaged 20±1% (Table XI) 

in both lean and obese patients. The blood to plasma rat io (CD /C_) for 
D r  

thiopental ranged between 0.74 and 0.97 (Appendices XVIII  and XX) and 

averaged 0.88 ±0.02 and 0.85 ±0.03 (Table XI) in the lean and obese 

patients, respectively. Thus, no signif icant dif ferences were observed 

in the blood to plasma rat io of thiopental between lean and obese 

patients, nor in the binding of thiopental to serum proteins. Thiopental 

blood clearances were not signif icantly dif ferent between lean (0.23± 

0.024 1/hr/kg) and obese patients (0.18±0.05 1/hr/kg). Blood clearances 

for thiopental not corrected for total body weight were not signif icantly 

dif ferent between lean (13.48 ±1.42 1/hr) and obese patients (23.60± 

7.75 1/hr).  Values for clearance and volumes of distr ibution based on 

unbound thiopental concentrat ion are ref lected in the values calculated 
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using total thiopental concentrat ion. Average volumes of distr ibution 

based on unbound thiopental concentrat ions are presented in Table XI. 

I t  was found that the average values of V„ and V in the obese were 
@u ssu 

39-70 + 8.25 l /kg and 23-58 ±5.05 1 /kg, which were signif icantly larger 

than that found in the lean patients (9.85 ±1.21 l /kg and 7.^7 ±0.79 

l /kg, respectively). As for the clearance based on total thiopental 

concentrat ion, unbound clearance was not signif icantly dif ferent between 

the lean and obese patients (1.04 ±0.12 1/hr/kg vs. 0.88 ±0.15 1/hr/kg). 

Effect of Age on Thiopental Pharmacokinetics 

In addit ion to studying the effect of obesity on the disposit ion 

of thiopental,  age related changes in the kinetics of thiopental were 

also examined in twenty-two lean patients between the ages of 25 and 83 

years undergoing primari ly abdominal or orthopedic surgery. Seven of 

the twenty-two lean patients between the ages of 25 and ^3 years studied 

in the obesity study were also used in the age study. Appendix VIII  

summarizes the cl inical data for al l  twenty-two patients in the age 

study. Sex, age, weight, height, body mass index (BMl), smoking status, 

alcohol use, type of surgery and current drug use are l isted. Appendix 

X summarizes the preoperative biochemical data for al l  twenty-two 

patients. Preoperative serum creatinine (Cr), total serum protein con

centrat ion, serum albumin concentrat ion, SGPT, and SGOT 1evels are 1isted. 

Serum creatinine, serum albumin, SGPT, SGOT (except patient AM) in the 

twenty-two patients were within normal l imits. However, half  of the 

patients in this study had serum protein concentrat ions sl ightly below 

normal (5.^ to 5.9 g%)• 



Serum concentrat ion versus t ime plots after intravenous 

administrat ion of thiopental in a typical young, lean (ME) and an 

elderly, lean patient (KH) are presented in Figure 18. Serum concen

trat ion versus t ime plots, as well  as for the raw data, for al l  twenty-

two patients can be found in Appendices XII and XIII .  I t  was found that 

the serum concentrat ion-t ime data were best described by a l inear two-

compartment model in thirteen patients and by a three-compartment model 

in nine patients. The pharmacokinetic coeff icients and exponents de

scribing the thiopental serum concentrat ion-t ime curve in these patients 

are l isted in Appendix XVI. The pharmacokinetic parameters for total 

(bound + free) thiopental and unbound thiopental generated from these 

coeff icients and exponents are l isted in Appendices XVIII  and XX. 

The effect of age on the various pharmacokinetic parameters of 

thiopental are graphical ly presented in Figures 19-23. A strong posit ive 

correlat ion between age and the apparent volumes of distr ibution, V and 
P 

Vss>  was found (Table XII).  However, no signif icant relat ionship was 

found between total body clearance with increasing age. The relat ionship 

between the apparent el imination half- l i fe for thiopental with age, which 

is a function of both the apparent volume of distr ibution and the sys

temic clearance, was found to be signif icant (Table XII).  The free 

fract ion of thiopental (a) ranged between 0.168 and 0.276 and was found 

also to be strongly correlated with age (p < 0.05)- Because the increase 

in the apparent volumes of distr ibution for thiopental was much greater 

than the increase in free fract ion of thiopental with increasing age, 

V„ and V also exhibited a direct correlat ion with age. The apparent 
Bu ssu 3  
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Figure 18. Representative Thiopental Serum Concentrat ion-t ime Plot for 
a Young (ME) and Elderly (KH) patient after Intravenous 
Administrat ion of Sodium Thiopental.  
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Figure 19. Effect of Age on the Volume of Distr ibution, Beta (V.) 
of Thiopental.  
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Figure 21. Effect of Age on Total Body Clearance (CI) of Thiopental.  
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Figure 22. Effect of Age on El imination Half- l i fe 
Thiopental.  



Figure 23. Effect of Age on the Percent Unbound Thiopental 



Table XII.  Correlat ions between Thiopental Pharmacokinetic Parameters and Physiological 
Variables. 

For total (bound + free) thiopental For unbound thiopental 

V 
B 

V 
ss 

CI V 
B 

V 
ss 

CI a 

Age 0.636" 0.700* -0.071 0.797" 0.571" 0.610* -0.284 0.459#  

BMI 0.289 0.248 -0.075 0.420#  0.263 0.216 -0.170 0.172 

Dose -0.401 -0.407 -0.066 -0.403# -0.328 -0.349 0.111 -0.278 

a 0.555® 0.588^ 0.108 0.417^ 0.277 0.299 -0.353 — 

Protei n 0.07*1 0.048 0.255 -0.240 -0.001 -0.066 0.127 0.219 

Al bumin -0.356 -0.336 -0.099 -0.340 -0.320 -0.304 0.041 -0.299 

SGPT 0.109 0.102 -0.249 0.365^ 0.182 0.164 -0.192 -0.132 

SG0T 0.455^ 0.364#  0.309 0.232 0.469#  0.364^ 0.212 0.188 

Smoki ng 0.025 -0.038 0.018 0.036 O.O78 0.044 0.069 -0.071 

Alcohol -0.065 -0.088 0.217 0.013 0.092 0.082 
4 

0.390 -0.348 

p < 0.001 

@p < 0 .01 

#p < 0.05 
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unbound clearance for thiopental tended to decrease with increasing 

age, suggesting an impaired abi l i ty of the l iver to metabolize thio

pental.  However, the increase in the free fract ion of thiopental with 

age was not large enough to signif icantly affect the total body clearance 

of thiopental.  

Table XIII  shows standardized regression coeff icients from 

mult iple regression analysis for the effect of several physiological 

parameters on the pharmacokinetic variables for total and unbound thio

pental.  Mult iple stepwise regression indicated that age was the inde

pendent variable accounting for the largest proport ion of variabi l i ty 

in free fract ion, t , ,  V„ and V (21%, 63%, 64% and 70%, respectively). 
2 p s s 

However, for V and V ,  i t  was found that a signif icant proport ion of 
p s s 

the variat ion could also be explained by SGOT levels and the dose of 

thiopental.  None of the independent variables tested signif icantly 

inf luenced the total body clearance of thiopental.  I t  was demonstrated 

again that age was also the most important independent variable affect

ing the two apparent unbound volumes of distr ibution, V„ and V 3  '  Bu ssu 

However, SGOT levels was signif icantly associated with V ,  but not with 

V 
ssu 



Table XIII .  Mult iple Regression Analysis for Age Study. 

Standardized regression coeff icients for independent variables 

Dependent 
Variables 

Age SGOT Ale Dose c e Sm Pr'  Alb2  SGPT a BMI 
Mult^ple 

r  

For total (free + bound) thiopental 

S 
0.716* 0.223 0.187 -0.230 0.180 -0.194 0.071 0.034 0.120 0.047 O.83 

V 
B 

0.583* 0.525* 0.180 -0.200* 0.051 0.009 0.179 0.228 0.187 0.198 0.75 

V 
ss 

0.643* 0.395* 0.099 -0.275* 0.043 -0.062 0. 126 -0.218 0.196 0.031 0.75 

CI 0.039 0.489 0.424 0.115 -0.102 0.298 0.252 -0.297 0.078 0.368 0.34 

For unbound thiopental 

a 0.447* 0.061 -0.358 -0.232 -0.289 0.097 -0.191 -0.443 — 0.061 0.55 

V 
3 

0.672* 0.606* 0.294 -0.154 0.084 0.042 0.220 -0.222 -0.098 0.264 0.68 

Vss 0.696* 0.453 0. 174 -0.312 0.111 -0.113 0.135 -0.204 -0.087 0.004 O.63 

CI 0.036 0.474 0.456 0.181 -0.078 0.282 0.268 -0.277 -0.338 0.373 0.44 

^Alcohol i 
a 

Smoking : 

jse, entered as 

status, entered 

0 for no 

as 0 for 

,  1 for yes 

no, 1 for yes 
*p < 0 • 05 

Protein concentrat ion 
2 

Albumin concentrat ion (g%) 
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DISCUSSION 

The use of a nitrogen-selective detector in the analysis of 

barbiturates has been described by many workers. Previous studies 

using the nitrogen-selective detector for barbiturates showed that these 

compounds are not readi ly gas chromatographed without prior derivatiza-

t ion especial ly when nanogram amounts are injected. In addit ion, chro

matography of the underivatized drug does not take ful l  advantage of 

the sensit ivi ty of a nitrogen-phosphorus detector. When methylat ing 

barbiturates by f lash-heater methylat ion techniques with tr imethylani-

l inium hydroxide or tetramethylammonium hydroxide, large peaks on the 

nitrogen detector are caused by the derivatizing agents at the sensit ivi

t ies required for the analysis. Dunges and Bergheim-Irps (1973) 

reported a method in which an alkyl iodide and sodium carbonate in a 

polar nonaqueous solvent system were used to prepare the alkyl deriva

t ives. This procedure al lowed one to better control reaction condit ions 

and to avoid pyrolyt ic formation of tr ialkyl amines and thus permitt ing 

measurement of thiopental concentrat ions in the ng/ml range. The GLC 

method described here is more sensit ive and specif ic than other publ ished 

methods. The 25 ng/ml sensit ivi ty of the assay described here is neces

sary to completely characterize the pharmacokinetics of thiopental after 

normal induction doses of " i-k mg/kg. 

108  
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While i t  is well  establ ished that the non-protein bound form of 

a drug is responsible for producing a pharmacological response, most 

l i terature reports relat ing plasma or serum concentrat ions to response 

are based upon total ( i .e. bound + unbound) plasma or serum concentra

t ions of drug. Although a compell ing argument can be made for the 

measurement of unbound drug concentrat ions, such determinations have not 

been practical on a routine basis because of the amount of t ime required 

by the most frequently used method of equi l ibr ium dialysis ( i .e. 8-2^ 

hours). Ultraf i l trat ion is an attract ive alternative technique which 

may general ly be performed in less than one hour. A disposable ultra-

f i l t rat ion membrane system (ULTRA-FREE ) has recently become avai lable 

and appears to offer a substantial advantage over equi l ibr ium dialysis 

for the routine cl inical measurement of unbound drug concentrat ion. 

Prel iminary results using the latter technique have been very encour

aging (Garlock et al .  1979; Pippenger et al .  1979). An excel lent corre

lat ion has been reported when comparing unbound drug concentrat ions 

using the membrane approach and equi l ibr ium dialysis for several anti-

epi leptic drugs ( i .e. phenytoin, phenobarbital,  primidone and carbamaze-

pine). These measurements appear to have been made at room temperature 

and there is interest in evaluating the membrane technique at the more 

physiological temperature of 37°C. 

The fract ion of thiopental not bound to plasma proteins using 

equi l ibr ium dialysis ranges between ]2% and 16% and appears to be l inear 

over a large concentrat ion range (50 ng/ml to lOyg/ml). These results 

are consistent with studies by Christensen et al .  (1980) and Becker 

(1976) using equi l ibr ium dialysis and ultraf i l t rat ion at 37°C. Those 
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investigators found that the extent of thiopental binding to plasma 

proteins was approximately 86% and was l inear between 0.A to 50 ug/ml. 

However, studies by Brodie et al .  (1950) and Dayton et al .  (1967) using 

equi l ibr ium dialysis at 37°C, reported 75% binding between 6 and 50ug /ml• 

At room temperature {2k°Z) the ultraf i l t rat ion and equi l ibr ium dialysis 

techniques provide similar values for percentage of unbound thiopental,  

15.9% and )k.2%, respectively. This f inding is consistent with the 

prel iminary reports indicating a good correlat ion between the two methods 

at room temperature. However, at any given temperature, the membrane 

method is associated with greater variabi l i ty than equi l ibr ium dialysis 

(% CV, Table VIII) .  

While with equi l ibr ium dialysis there is a small  increase in the 

percentage unbound when going from 24°C to 37°C, the percentage unbound 

almost doubles with the ultraf i l t rat ion method ( i .e. 15-9% vs. 26.3%). 

This f inding suggests that the latter technique should not be employed 

at 37°C even though that temperature would be more desirable as a 

real ist ic ref lect ion of in vivo serum protein binding. Interestingly, 

the percentage unbound using ultraf i l t rat ion at 2A°C is very similar to 

the value from equil ibr ium dialysis at 37°C. This may well  be a fortui

tous observation and i ts confirmation would require further experiments 

wi th other drugs. 

This discrepancy in binding between the two methods at 37°C 

cannot be completely explained. However, the passage of protein across 

the ultraf i l t rat ion f i l ter may explain some of the discrepancy. Although 

the proteins present in the ultraf i1trate have not been identi f ied, the 

"apparent" protein concentrat ion is considerably greater in the 
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ultraf i l trate than in the buffer after equi l ibr ium dialysis, regardless 

of temperature (Table IX). In addit ion, these proteins are capable of 

binding drug as shown from the experiments where the ultraf i l t rate was 

subjected to equi l ibr ium dialysis. The penetrat ion of protein across 

the membrane and into the ultraf i l t rate would result in a greater 

apparent percentage of unbound drug. This is consistent with our f ind

ings, that ul traf i l t rat ion at any given temperature provides a greater 

percentage of unbound drug than equi l ibr ium dialysis at the correspond

ing temperature. 

I t  is concluded that the ULTRA-FREE membrane system should not 

be used at 37°C to estimate plasma protein binding, but rather should be 

used at room temperature. Although the l imitat ions of the ultraf i l t ra

t ion method should be appreciated, for the routine measurement of unbound 

drug concentrat ions in the cl inical laboratory, this system appears to 

offer suff icient accuracy and a considerable saving of t ime compared to 

equi l ibr ium dialysis. 

The major goals of the present studies were to determine the 

effects of obesity and age on the thiopental disposit ion. Presently, very 

l i t t le information is avai lable regarding pharmacokinetics in morbidly 

obese patients. In part icular, for drugs with narrow therapeutic ranges, 

approaches to rat ional drug therapy in obese patients has not been 

examined. The question of whether dosing should be based on lean or 

total body weight has been determined only for a few drugs, namely 

digoxin, gentamicin and tobramycin (Ewy et al .  1971; Schwartz et al .  1978; 

Blouin et al .  1979). Dosing recommendations for most drugs have been 

general ly based on total body weight. One of the purposes of this study 
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was to determine the effect of obesity on the kinetics of thiopental,  a 

commonly used intravenous anesthetic, and to permit the rat ional dosing 

of thiopental necessary to induce anesthesia in lean and obese patients. 

The f inding that the obese patient requires approximately 25% 

less thiopental per kg total body weight than the lean patient for in

duction of anesthesia is consistent with previous cl inical observations 

by anesthesiologists (Dundee 195^0- The decreased requirement for thio

pental may be related to the fact that an obese person has a smaller 

lean body mass than a lean person of equal weight and thus, requires 

less drug to f i l l  the smaller lean body mass. 

Two and three compartmental k inetic patterns for thiopental in 

humans have been reported previously (Ghoneim and VanHamme 1978; 

Andreasen et al .  1979). In a three-compartment model where drug is 

administered into a central compartment, thiopental is distr ibuted into 

two peripheral compartments, one of which is rapidly accessible, while 

the other is more slowly accessible. El imination is presumed to occur 

from the central compartment. The serum concentrat ion versus t ime data 

in the present study clearly demonstrated mult iexponential decl ine. In 

al l  patients the serum thiopental concentrat ions decl ined by 50-75% with

in thirty minutes after intravenous administrat ion of thiopental.  This 

is consistent with the ini t ial  rapid distr ibution of thiopental into 

r ichly perfused t issues such as the brain and the heart.  This type of 

prof i le was seen in both the lean and obese patients. 

The apparent volume of distr ibution is a pharmacokinetic para

meter that depends on the size of body compartments into which drug 

distr ibutes and the relat ive binding of the drug in the vascular and 
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extravascular (t issue) compartments. The mean value for V found in 
P 

the young, lean age-matched patients (1.95 ± 0.22 1/kg) is similar to 

the values obtained by Andreasen et al .  (1979) (1.2*t ± 0.22 1 /kg) and 

Ghoneim and Van Hamme (1978) (1.88 ± 0.38 1/kg) in surgical patients. 

The distr ibution of many drugs, unl ike thiopental,  is distr ibuted only 

to total body water and lean body mass and very l i t t le, i f  any drug is 

found in the fat.  For drugs such as these, one would expect comparable 

values in the volume of distr ibution for lean and obese patients i f  

corrected for lean body weight, as is observed with digoxin (Ewy et al .  

1971). Dosing regimens calculated on the basis of total body weight 

may be erroneously high for drugs such as digoxin, whose volume of dis

tr ibution correlates best with ideal body weight and is not altered 

by addit ional adipose t issue. However, Abernethy, Greenblatt and Al len 

(1980a) reported that the apparent volume of distr ibution for antipyrine, 

a drug which is l imited to total body water, i f  normalized for total 

body weight, was signif icantly smaller in the obese (Q.kk 1/kg) than in 

the normal subjects (0.63 1/kg)- In contrast, the apparent volume of 

distr ibution i f  corrected for ideal body weight was signif icantly 

larger in the obese (0.7^ 1/kg) than in.controls (0.62 1/kg). However, 

for drugs such as thiopental which are highly l ipid soluble and thus, 

well  distr ibuted into fat t issues, apparent volumes of distr ibution 

should be calculated on the basis of total body weight. Gal et al .  

(1978) have shown that the apparent volume of distr ibution of theophyl

l ine, a drug distr ibuted into fat,  increases in a l inear fashion with 

total body weight. The three-to four-fold higher apparent volumes of 

distr ibution (V and V )  based on total and unbound thiopental 
p s s 
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concentrat ions, found in the obese patients can be attr ibuted primari ly 

to the extremely l ipid soluble nature of thiopental.  Similar results 

have been observed by Abernethy, Greenblatt and Al len (1980b) who 

reported apparent volumes of distr ibution for diazepam, a drug which 

is very l ipohi l ic and highly protein bound, to be two-fold higher in 

age-matched obese subjects. In addit ion, the mean value for V in our 
p 

obese patients (7.9^±1.72 1/kg) is consistent with the value of 8.A 

1/kg found in an obese patient who received mult iple doses of thiopental 

to control his epi lepsy (Cloyd et al .  1979)- These large apparent 

volumes of distr ibution for thiopental are a result of the high fat/  

plasma part i t ion coeff icients which have been determined by Dayton 

et al .  (1967) who reported a subcutaneous fat/plasma part i t ion rat io 

of 6.7 and an omental fat/plasma rat io of 8.5 after single intravenous 

doses of 300 to 500 mg thiopental in man. 

Since the extract ion rat io of thiopental in the l iver is very 

small ,  the clearance of thiopental ref lects the intr insic abi l i ty of the 

l iver to metabolize the drug. In this study, when clearance is corrected 

for total body weight, no signif icant dif ference was observed between the 

obese and lean patients. However, when clearance was not corrected for 

total body weight, a two-fold higher clearance was found in the obese 

p a t i e n t .  S i m i l a r  r e s u l t s  w e r e  r e p o r t e d  f o r  d i a z e p a m  b y  A b e r n e t h y  e t  a l .  

(1980b) who concluded that hepatic biotransformation of diazepam is not 

impaired in obesity since the clearance of the drug, i f  corrected for 

total body weight, was unchanged. A question arises as to whether clear

ance should or should not be normalized to total body weight to provide 
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a better index of the l iver 's intr insic abi l i ty to metabolize drug. 

Sultatos et al .  (1980) reviews the practice of correcting clearance 

and volume of distr ibution for total body weight for antipyrine as a 

way to normalize the data. For antipyrine, i t  was found that correction 

of clearances for total body weight did not normalize the data. How

ever, the relat ionship between clearance and half- l i fe was improved by 

correction for total body weight. This improved relat ionship was a 

result of the high correlat ion between the apparent volume of distr ibu

t ion for antipyrine, which approximates total body water, and total 

body weight. Previous studies (Berkowitz 1964; Zelman 1952) claimed 

that decreased l iver function in obesity was due to fatty inf i l t rat ion. 

Thus, for a highly l ipid soluble drug such as thiopental,  which distr i

butes into fat,  one may expect an increased clearance as a result of 

prolonged exposure to hepatic drug metabolizing enzymes due to the large 

l ipid deposits found in obese patients. However, Freston and Englert 

(1967) reported that the metabolism of bromsulphalein was not affected 

in obese subjects. At present, the relat ionship between obesity and 

drug metabolism is poorly characterized. Host studies in humans have 

incorrectly assumed that the el imination half- l i fe of a drug is an indi

cation of drug metabolism in obesity. Thus, pharmacokinetic studies 

with sulf isoxazole (Reidenberg, Kostenbauder and Adams 1969), anti

pyrine and tolbutamide (Reidenberg and Vesell  1975), showed no di f fer

ence between lean and obese subjects in drug metabolizing enzymes based 

on half- l i fe determinations. An attempt to determine whether obesity 

might inf luence in v i  t  ro hepatic drug metabolizing enzyme act ivi t ies 
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was tested in genetical ly obese Zucker rats (Lit terst 1980). I t  was 

shown that the cytochrome P-450 dependent microsomal enzyme as measured 

by ani l ine hydroxylase, aminopyrine demethylase and ary1hrydrocarbon 

hydroxylase, was dramatical ly deficient in the obese rats. 

The half- l i fe of thiopental,  which is a function of both the 

apparent volume of distr ibution and clearance, was prolonged in the 

obese patients and was found to be primari ly a function of the larger 

apparent volume of distr ibution. These f indings are similar to the 

f indings of Abernethy et al .  (1980b) who reported a two-fold longer 

half- l i fe in obese (86.2 hours) than in the lean (A0.*t hours) subjects 

receiving 0.1 to 0.15 mg/kg diazepam intravenously. This was reported 

to be a function of the larger apparent volume of distr ibution of this 

fat soluble drug in the obese (2.88 1/kg vs. 1.56 1/kg). 

Previous studies on the effect of age on thiopental dosage 

requirements have been inconclusive. A retrospective study (Dundee 

195*0 has determined that thiopental requirements are decreased in 

patients over h6 years of age. In that study, however, relat ively few 

elderly patients were included. In a later retrospective study 

(Christensen and Andreasen 1978) of 5A0 patients, i t  was found that 

thiopental dosage requirements were decreased only in patients over 60 

years of age. This observation is consistent with the fact that an 

elderly patient has a smaller lean body mass than a young adult of equal 

weight and thus, requires less drug to f i l l  the smaller lean body mass. 

However, in the present study, no stat ist ical ly signif icant dif ference 

was observed in the dose of thiopental administered on a per kg total 

body weight basis. 
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The apparent volume of distr ibution may be altered as a conse

quence of changes in body composit ion with age. I t  has been shown that 

total body water, both in absolute terms (Shock et al .  1963) and as a 

percentage of body weight (Vestal et al .  1975) is decreased by 10% to 

15% between the ages of 20 and 80. Lean body mass is also reduced in 

proport ion to total body weight with advancing age. Novak (1972) has 

shown that body fat increases from 33% to A5%, fat-free mass decreases 

from 67% to 55% and cel l  mass decreases from 38% to 31% in young women 

(18-25 years) as compared to elderly women (65-85 years), respectively. 

Changes in total body water and body fat may suggest that drugs which are 

distr ibuted in total body water or lean body mass might have higher 

blood levels in the elderly. This has been shown by Vestal et al .  (1977) 

for ethanol. For highly l ipid soluble durgs, increases in body fat with 

advancing age may result in larger apparent volumes of distr ibution be

cause of accumulation in larger volumes of body fat.  In the present 

study, a strong correlat ion was found between age and the apparent vol umes 

of distr ibution, VQ and V .  These results are consistent with the f ind-
is ss 

ings by Greenblatt et al .  (1980) and Klotz et al .  (1975) who reported 

that age was associated with a larger apparent volume of distr ibution for 

diazepam. This would explain the increase in half- l i fe with increasing 

age. 

Since unbound drug concentrat ion is an important determinant of 

drug distr ibution and el imination, changes in the binding of drugs to 

serum proteins and the blood to plasma rat io may be causes of the altered 

pharmacokinetics observed in the elderly. In this study, a correlat ion 

between the free fract ion of thiopental in serum and age was observed, 
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but was not found to be a function of serum albumin or serum protein 

concentrat ions. In contrast, Greenblatt et al .  (1980) reported 

signif icantly larger free fract ions of diazepam in the elderly (1.72%) 

than in the young (1.23%) as a result of decreased serum albumin 

concentrat ion. However, in that study only 32% of the total variat ion 

in free fract ion could be explained with age and serum albumin concen

trat ion. Previous studies on the effect of age on the serum protein 

binding of drugs are confl ict ing because of other confounding factors 

such as albumin concentrat ion, disease states and competit ion for bind

ing sites with other co-administered drugs. Correction of the apparent 

volumes of distr ibution, V and V ,  for dif ferences in free fract ion p  s s  

indicates that age is st i l l  the major determinant in the distr ibution 

of unbound thiopental.  In contrast, the volume of distr ibution of 

unbound diazepam (Greenblatt et al .  1980) was not signif icantly 

inf luenced by age. 

Drug metabolism may be altered in the elderly. However, because 

of the lack of a quanti tat ive index to assess the eff icacy of hepatic 

drug metabolism, there are no direct studies on the effects of aging on 

the l iver drug metabolizing enzymes in humans. In fact, Triggs and 

Nation (1975) recently concluded that there is no evidence for an age-

related decl ine in the capacity of the l iver to metabolize drug. How

ever, indirect evidence suggests that in man, advancing age may result 

in an alterat ion of the intr insic metabolic capacity of the l iver for 

some drugs that are extensively metabolized by the l iver. 

The metabolic clearance of antipyrine, which has been widely 

used as an index of microsomal drug oxidation, has consistently been 
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shown to be reduced in elderly subjects (O'Malley et al .  1971; Vestal 

et al .  1975; Liddel l ,  Wil l iams and Briant 1975). The reduced clearance 

of antipyrine may be due to an age-related decrease in functional l iver 

volume and in part to decreased microsomal enzyme act ivi ty (Swift  et al .  

1978). However, an extensive study by Vestal et al .  (1975) in 307 

healthy male subjects showed that interindividual variat ion in the meta

bol ic clearance of antipyrine of six-fold exceeded the effect of age and 

only 3% of the variance could be explained by age alone. I t  was con

cluded that genetic and environmental factors must be considered in 

examining drug metabolism in the elderly. Extensive information is 

avai lable on the pharmacokinetics of a number of benzodiazepine deriva

t ives in the elderly. However, age-related changes in the disposit ion 

of chlordiazepoxide and diazepam, which are primari ly el iminated by 

metabolism to N-demethyl derivatives, are dif f icult  to interpret because 

of several confl ict ing reports. Total body clearance for these two 

benzodiazepine derivatives has been reported to be either decreased or 

remained unchanged in the elderly (Klotz et al .  1975; Shader et al .  1977). 

Genetic and environmental factors such as sex and age make pharmaco

kinetic comparisons between the young and elderly groups di f f icult .  

In the present study, no signif icant dif ference was observed in both 

total body clearance and unbound clearance for thiopental with advancing 

age. At present, there are no general relat ionships between aging and 

drug metabolism. 

The studies presented here demonstrate the need for careful 

pharmacokinetic interpretat ion of drug disposit ion as a function of 
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increasing age, especial ly for those drugs that require extensive 

hepatic metabolism. Although there is extensive evidence suggesting 

age-dependent decl ines in the act ivi t ies of the l iver microsomal drug 

metabolizing enzymes, most of. the avai lable cl inical data are indirect 

and more careful ly control led studies in animals are necessary to 

del ineate the effect of age on pharmacokinetics. 
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CONSENT FORM 

Phenytoln Availability 

You arc being asked to voluntarily participate In a study entitled, "Fhenytoln 
Availability". Fhenytoln la a drug commonly used In the control of convulsions. 
The purpose of this study la to see If the size of oral dose administered and the 
frequency of admlniatration Influences the amount of phenytoln which gets into your 
blood after you take it by mouth. Tour participation will Involve a total of thirty-
eight days over a period of S weeks. The study will be conducted in the Pediatric 
Clinic so hospitalization 1a not necesaary. 

On the first day you will be hooked to an electrocardiograph to monitor the 
function of your heart. You will then be given 15 mg/kg (about 1 gm for a 150 lb. 
person) of phenytoln intravenously over approximately 40 minutes through a needle 
placed in a vein In your arm. This needle will be removed at the end of the 40 
minutes. Another needle will have been placed in your other arm through which 
blood samplea are withdrawn. Blood ssmples, 5 cc (1/6 oz) each, will be drawn 
through this needle immediately prior to and at the end of the intravenous Injection, 
and at 5, 15, and 30 minutes, and at 1, 2, 4, 8 and 12 hours after the phenytoln 
administration to meaaure the amount of phenytoln in your blood. The needle will 
then be removed. Two blood samples of 5 cc (1/6 oz) each will be collected by needle 
stick on each of the next two days (24, 36, 48, and 60 hours). One blood sample will 
be collected by needle stick on each of the next eight days (.72, 96, 120, 144, 168, 
192, 216 and 240 hours). 

On weeks 3, 4 and 5 you will ba administered 400, 800 and 1600 mg (as single 
doses), respectively, of phenytoln orally as capsules. On the day that each dose 
Is administered a needle will be placed in your arm prior to taking the phenytoln 
for the purpose of taking blood samples. Blood (5 cc or 1/6 oz) will be withdrawn 
Immediately prior to administration and at 0.5, 1, 2, 4, 8 and 12 hours after 
administration of each dose of phenytoln. For the 400 mg. dose one additional 
sample will be taken at 6 hours. The needle will then be removed. Two blood samples 
of 5 cc (1/6 oz) each will be collected by needle stick on each of the next two days 
(24, 36, 48, and 60 hour) for esch dose. One blood sample will be collected by 
needle stick on the third day (72 hour) after each dose, on the fourth and fifth 
days (96 and 120 houra) after the 800 and 1600 mg. doses only, and for the next five 
days (144, 192, 216 and 240 hour) after the 1600 mg. dose only. 

On the 7th week you will be admlnlatered orally 400 mg. of phenytoln at 0, 3, 
6 and 9 hours to give a total of 1600 mg. On the day of administration a needle 
will be placed in your arm prior to taking the phenytoln for the purpose of taking 
the blood aamples. Blood (5 cc or 1/6 oz) will be withdrawn lmaediately prior to 
administration and at 1.5, 3, 9, and 12 hours. The needle will then be removed. 
Two blood samples of 5 cc (1/6 oz) each will be collected by needle stick on each 
of the next two days (24, 36, 48 and 60 hour). One blood sample will be collected 
by needle stick on each of the next eight daya (72, 96, 120, 144, 168, 192, 216 and 
240 hour). The total volme of blood that will be drawn over the entire study period 
will be approximately 14 oz (less than one pint, 16 oz). 

You will be requested not to eat or drink for 10 hours prior to and for 4 hours 
after each administration. For the last atudy (7th week) you alao will be requested 
not to eat between the fifth hour and the eleventh hour after drug admlniatration. 

You will be paid $400.00 for conpletlng the study. The procedure will be done 
in the Pediatric Section of the Arizona Health Sciences Center under the super
vision of Dr. Ualson who la also available for any emergency situations (phone 



123  

number 626-6516 or 626-6000). You will remain la the Pediatric Section for one 
hour after the Intravenous phenytoln has been administered. Thereafter, you can 
leave the Pediatric Section but will return for each of the scheduled blood sam-
ples. This study will be done at no expense to you. Although you will derive no 
benefit froa this study (other than monetary), the results of this study will 
asalst In the more appropriate use of phenytoln In people with epilepsy. 

The risks associated with the oral administration of phenytoln are small. 
The possible adverse effects to oral phenytoln Include: e continuous rolling move
ment of the eyeballs, double vision, blurred vision, a lack of coordination, diz
ziness, drowsiness, nausea and vomiting. These effects usually only occur after 
high doses or long-term administration and resolve shortly after long-term admini
stration is atopped. If they are observed In the present study they will be most 
likely to.occur after the 1600 mg dose and the 400 og doaes at 0, 3, 6 and 9 hours, 
and may last for about 24 hours after the dose la administered. Tou should not 
operate a motor vehicle during this time period due to the potential drowsiness, 
vision problems, lack of coordination and dizziness which are the most likely side 
effects to occur. In addition. Intravenous administration of phenytoln at too rapid 
a rate can result in your heart stopping and death. Your heart rhythm will be mon
itored contlnuoualy during the Intravenous phenytoln administration to detect this 
complication and Dr. Ualson will be available for immediate treatment. Other pro
blems that may occur from this study are pain, swelling, or infection at the site 
of the needle in the vein. 

Your name and Identity will be kept confidential. The results of this study, 
Including all lab data, may be published; however, your identity would not be 
revealed neither In the publication, nor In any other way, except to the individuals 
performing this study. The individuals performing this study are available now and 
during the study to answer any questions. You may withdraw from the atudy at any time. 

I have read the above "Subject's Consent." The nature, demands, risks 
and benefits of the project have been explained to me. I understand 
that I may aak questions and that I am free to withdraw from the pro
ject at any time without ill will. I alao understand that this consent 
form will be filed In an area designated by the Human Subjects Conmittee 
with access restricted to the Principal Investigator or authorized 
representatives of the particular department. 

Subject'a Signature Date 

Vltneas Signature Date 
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DN MF 

Time(hrs) Cone, (mg/1) Time(hrs) Cone.(mg/1) 

0.083 17.04 0.083 22.60 
0.25 18.21 0.25 18.52 
0.50 16.63 0.50 19.89 
1.08 14.87 1.00 17.68 
2.08 14.57 2.00 18.28 
3.90 13.94 4.00 16.72 
7.47 12.85 8.25 14.64 

12.17 10.30 12.00 13.81 
23-90 7.63 24.08 10.69 
31.83 6.75 31.33 9.34 
47.88 3.49 48.17 6.65 
60.00 2.58 55.33 4.91 
72.17 1.90 72.17 3.91 
96.00 0.78 95.83 1.36 

120.00 0.20 119.83 0.47 
143.33 0.10 

VE MB 

Time(hrs) Cone, (mg/1) Time(hrs) Cone.(mg/1) 

0.083 20.41 0.083 22.58 
0.35 22.31 0.25 21 .07 
0.52 21.83 0.50 19.36 
1 .00 18.43 1.00 20.16 
2.00 14.80 2.50 18.70 
4.00 15.64 4.47 17.99 
8.00 13.55 7.22 17.21 

12.00 13.39 11 .05 16.87 
24.00 12.72 22.38 12.17 
36.00 11.72 30.63 10.76 
48.00 9.38 46.38 6.95 
58.00 8.16 71.22 2.65 
71.13 6.48 94.85 0.75 
95.00 4.51 119.91 0.17 

117.97 2.52 143.08 0.07 
143.10 1.62 
167.55 0.77 
190.88 0.29 
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MC MW 

Time(hrs) Cone, (mg/1) Time(hrs) Cone.(mg/1) 

0.12 15.50 0.12 26.63 
0.48 15.52 0.33 22.60 
0.53 14.04 0.75 21.44 
1.03 14.42 1.03 21.65 
2.10 12.70 2.00 19.08 
A.17 14.60 4.67 18.61 
8.17 13-50 8.10 15.30 

12.17 .  12.83 22.88 13.32 
22.32 12.25 30.10 11.59 
35.58 9.40 45.98 7.09 
49.67 8.85 53.00 6.36 
59.67 7.24 69.87 2.62 
72.33 6.09 94.60 1.01 
95.00 4.06 118.00 0.42 

118.92 2.12 
142.92 0.82 
191.45 0.07 
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DN MF 

Time(hrs) Cone, (mg/1) Tlme(hrs) Cone.(mg/1) 

0.50 1.77 0.68 0.34 
1.13 2.14 1.08 0.98 
2.00 2.53 2.10 1.65 
3.75 3.82 4.17 3.98 
6.08 3.87 6.17 3.91 
7.83 3-96 8.25 4.40 

12.00 3-55 12.08 3.24 
24.17 2.05 24.13 3.07 
32.83 1.70 30.88 2.42 
48.00 0.95 47.83 0.55 
56.67 0.54 55.42 0.40 
73.08 0.19 72.25 0.13 

VE MB 

Time(hrs) Cone, (mg/1) Time(hrs) Cone.(mg/1) 

0.58 0.65 0.50 0.075 
1.03 2.08 1.15 0.84 
2.03 2.83 1.95 1.50 
4.00 2.86 3.95 1.61 
6.07 2.97 5.95 1.93 
8.07 3-38 7.95 2.20 

12.00 3-31 11.95 2.54 
23.88 2.92 23.95 2.99 
36.35 2.26 32.95 2.57 
48.20 1.46 48.10 0.88 
60.58 1.03 56.87 0.54 
70.83 0.72 72.28 0.21 
99-28 0.28 
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MC MW 

Time(hrs) Cone, (mg/1) Time(hrs) Cone.(mg/1) 

0.50 1.16 0.50 0.06 
1.00 1.53 1.00 0.15 
2.00 2.52 2.00 3.65 
4.00 3.89 4.25 5.22 
6.00 4.24 6.00 4.01 
8.00 4.08 8.20 4.60 

12.00 3.83 12.12 3.14 
24.00 3-74 24.00 2.20 
32.67 3-21 30.58 1.76 
49.67 1.79 47.75 0.75 
56.42 1.62 55.00 0.53 
73.83 0.74 72.00 0.18 

100.08 0.46 
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DN MF 

Time(hrs) Cone, (mg/l) Tlme(hrs) Cone.(mg/l) 

0.47 4.38 0.62 1 .79 
1.00 5.05 1.05 3.56 
2.07 5.26 2.05 4.00 
3-83 5.23 3.12 4.60 
7.75 5.49 3.92 4.74 

11.00 6.85 8.05 5.49 
24.00 5.20 12.17 5.30 
31.42 . 3.78 25.08 5.08 
48.67 1.91 36.17 4.89 
55.75 1.33 48.00 3.79 
72.05 0.64 53.75 3.03 
96.05 0.21 72.00 1.39 

96.92 0.45 
122.00 0.49 

VE MB 

Time(hrs) Cone, (mg/l) Time(hrs) Cone.(mg/l) 

0.50 0.60 0.47 0.36 
0.92 1.43 1.00 2.67 
2.00 2.99 2.00 5.09 
3.92 2.90 4.05 4.65 
7.92 4.74 9.50 5.64 

12.00 4.84 12.00 5.69 
23-00 4.16 24.05 4.84 
35.58 3.16 37.00 3.63 
48.08 2.63 48.08 1.70 
60.00 2.09 55.42 1.74 
70.83 2.00 72.00 0.66 
95.00 1.17 96.00 0.14 

120.58 0.59 
142.33 0.33 
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MC MW 

Time(hrs) Cone, (mg/l) Time(hrs) Cone.(mg/l) 

0.50 0.63 0.58 0.18 
1.00 1.62 1.05 4.60 
1.83 3.68 2.03 4.96 
It .00 4.40 4.13 5.20 
8.00 4.96 8.13 5.01 

11.92 4.89 11.92 5.63 
24.22 5.83 24.00 4.79 
32.33 5.60 36.80 4.24 
48.08 4.62 48.47 3.07 
57.08 4.12 58.05 2.58 
72.08 2.80 72.97 1.29 
97.20 1.25 96.42 0.44 

121.08 0.59 
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DN MF 

Time(hrs) Cone, (mg/1) Time(hrs) Cone.(mg/1) 

0.50 2.11 0.52 1.46 
1 .00 5.71 1.00 5.25 
2.00 8.31 2.12 9.28 
3-92 6.26 4.03 12.65 
4.92 7.58 8.08 14.01 
8.00 8.67 12.08 17-33 

12.00 7.83 24.12 14.14 
24.17 7.14 31-92 12.18 
36.27 8.30 48.17 8.48 
48.17 4.40 56.92 7.57 
56.00 3.88 72.25 5.01 
72.25 1.77 96.20 2.10 
97.00 0.53 120.95 0.65 

121.17 0.12 145.75 0.30 
146.33 0.09 

VE MB 

Time(hrs) Cone, (mg/1) Time(hrs) Cone.(mg/1) 

0.50 3.07 0.58 1.86 
1.05 4.55 1.08 5.59 
2.00 4.68 2.10 7.18 
4.00 5.11 4.08 8.21 
8.00 6.23 8.00 9.70 

12.05 6.72 12.25 10.45 
23.57 9-13 24.22 10.50 
38.75 9.45 36.00 10.65 
47.45 7.28 48.08 9.09 
60.63 6.88 56.12 8.16 
71.45 6.84 71.97 4.65 
95.42 2.68 124.00 0.52 

119-00 1.89 144.08 0.15 
145.45 0.69 
167.33 0.25 
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MC MW 

Time(hrs) Cone, (mg/1) Time(hrs) Cone.(mg/1) 

0.50 1.21 0.57 3.47 
1.00 4.30 1.23 6.74 
1.92 5.12 2.08 8.38 
4.00 6.54 4.12 7.88 
7.92 7.62 10.03 6.30 

12.00 8.42 14.20 7.07 
21.25 9-55 24.00 6.57 
31.08 10.34 32.70 7.75 
50.92 9.98 48.62 6.33 
61 .42 10.39 56.45 6.71 
71.17 8.04 72.00 5.03 
96.25 4.81 96.62 2.92 

120.58 2.38 121.45 0.80 
143.83 1.30 144.92 0.33 
168.92 0.66 
192.08 0.33 
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DN MF 

Time(hrs) Cone, (mg/1) Time(hrs) Cone.(mg/1) 

1.67 2.39 1.58 0.65 
3-17 2.83 3.05 2.53 
6.08 5-19 6.05 3.62 
9.03 9.20 8.88 9.91 

12.00 12.33 12.67 17.47 
24.42 9.48 24.08 13.38 
32.42 10.21 31.17 14.32 
49.17 6.08 47.42 10.82 
56.17 5.80 55.92 9.29 
72.80 3.16 71.58 6.38 
97.08 1.49 95-75 2.41 

120.90 0.47 120.33 0.86 
144.63 0.19 141.58 0.50 

168.05 0.20 

VE MB 

Time(hrs) Cone, (mg/l) Time(hrs) Cone.(mg/1) 

1.50 2.09 1.50 2.99 
2.95 2.84 3.05 4.27 
6.03 5.96 6.08 5.31 
9.03 10.04 9.17 9.99 

12.00 16.97 12.00 14.05 
24.00 15.75 24.33 13.80 
36.33 15.00 32.33 11.67 
50.13 13.88 48.00 9.64 
60.88 11.90 60.00 7.88 
71.55 9.01 72.00 5.27 
95.87 6.88 96.25 1.97 

119.63 4.47 120.10 0.75 
143.75 2.56 144.17 0.26 
168.00 1.34 168.25 0.11 
195.35 0.53 
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MC MW 

Time(hrs) Cone, (mg/1) Time(hrs) Cone.(mg/1) 

1.58 1.86 1.50 2.88 
2.97 3.76 3.08 3.51 
6.12 8.02 6.00 7.07 
9.03 7.73 9.00 9.67 

12.00 11.11 12.17 11.06 
23.95 17.57 24.05 12.25 
36.10 18.74 36.08 10.93 
48.33 14.64 50.08 8.48 
57.00 13.01 56.50 7.19 
72.00 11.68 71.20 4.78 
96.92 8.64 95.28 1.65 

121.50 5.12 126.32 9.49 
146.25 2.70 
168.42 1.55 
192.00 0.70 

V. 
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Subject Consent Form 

Thiopental Disposition in Subjects Undergoing Surgery 

Tou are being asked to voluntarily participate in a study 
entitled, "The Disposition of Thiopental in Subjects Undergoing 
Surgery". The purpose of this study Is co determine the concen
tration of the general anesthetic, thiopental. In blood at different 
times after its administration. This information will be useful in 
examining how the body handles or disposes of that drug. The 
anesthesiologist who will be Involved In your surgery has determined 
that thiopental should be one of the anesthetics that you will be 
administered at the time of surgery. The thiopental will be 
administered to you by injection into a vein at a dose that the 
anesthesiologist has determined to be safe. 

Participation in this study will only Involve taking samples 
of your blood at certain times. This study will not Involve 
alteration of the surgical or medical treatment that you would 
ordinarily receive. Just prior to surgery a small needle will be 
placed Into a vein in your arm. A short piece of tubing will be 
connected to this needle and taped onto your arm. The tubing will 
contain a fluid to prevent your blood from clotting or coagulating 
in the needle. Blood samples will be obtained through this needle 
just prior to your receiving the thiopental anesthetic and at the 
following times after thiopental administration: 0,5,10,15,30,45 
and 60 minutes and 2,4,6,8,12,16,24 and 30 hours. The needle will 
then be removed and thereafter two (2) blood samples will be taken 
each day for the next 2 days and once each day for the next 4 days. 
Each of these dally samples will be taken by inserting a needle Into 
an arm vein. Each blood sample will have a volume equivalent to 
one-third (1/3) of an ounce or two (2) teaspoonsful. During 7 
days a total of 24 blood samples will be obtained. The total volume 
of blood that will be taken during 7 days will be 8 ounces or one-
half (1/2) pint. 

The only risk and inconvenience to you in participating In this 
study is the possibility of local bruising at the sites where the 
needles are placed into your vein and Che possibility of a local infection. 

Although participation in this study will not result In any 
benefits to you, the information that we will obtain may prove useful 
for others undergoing surgery and who are to receive the anesthetic 
thiopental. 

Your participation in this study will incur no additional 
expenses to you nor will you be reimbursed for your participation. 
I understand that In the evenc of physical injury resulting from 
this study financial compensation for wages and time lost Is not 
available but medical care and hospitalization will be provided free 
of charge. I understand that the investigators will provide more 
Information upon request. 



The Information obtained from this study will be confidential. 
The Investigators will know your name but the information reported 
to others will not include your name. 

I understand that this consent form will be filed In an area 
designated by the Human Subjects Committee with access restricted 
to the principal Investigators or authorized representatives of the 
particular department. 

The nature, demands, risks and benefits of the study have been 
explained to me and I understand what my participation Involves. 
Furthermore, I understand that 1 am free to ask questions and with
draw from the study at any time without affecting my medical care. 
1 understand that a copy of this Consent Form Is available to me 
upon request. 

Subject's Signature Date 

Signature of Parent or Legally Date 
Authorized Representative 

Signature of Witness Date 

1 have carefully explained to the subject the nature of the 
above study. I certify that to the best of my knowledge the subject 
signing this consent form understands clearly the nature, demands, 
benefits and risks involved In his/her participation In this study. 
A medical problem or language or educational barrier has not precluded 
a clear understanding of his/her Involvement in this study. 

Investigator's Signature Date 
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_ ,  .  _ Age Weight Height BMI Smoking Alcohol Surgical Current 
u jec ex (y r s) (kg) (m) ^  ̂ 2^ Status Use Procedure Medications 

KB F 25 51.1 1.57 20.60 Yes Yes Tuboplasty None 
ME F 29 59.5 1 . 6 3  22.52 No No TAH/BS0* None 
PL F 29 56.0 1.75 18.23 No Yes Metroplasty None 
EL F 36 58.7 1.61 22.56 Yes No Cholecystectomy None 
LC F 36 50.0 1.63 18.92 No No TAH/BS0 None 
SR F 36 62.5 1.66 22.58 No Yes TAH/BS0 None 
SJ F 42 57.5 1.56 23.56 Yes No TAH/BS0 None 
MT F 43 64.0 1.67 23.09 Yes Yes TAH/BS0 None 

AA F 47 58.6 1.56 24.01 Yes Yes Expl. Laparotomy (1) 
FW F 49 54.6 1.66 19.71 No Yes TAH/BS0 None 
BL F 55 65.0 1.64 24.22 Yes Yes Laryngectomy None 
MB F 57 45.9 1.60 17.93 No Yes TAH/BS0 (2) 
SG F 58 43-5 1.66 15.72 No Yes Colostomy Closure None R 

EGL F 60 62.7 1.64 23.19 No Yes TAH/BS0 Dyazi de 
VS F 60 82.0 1.70 28.37 No Yes TAH/BS0 None 

VAS F 61 48.0 1.56 19.67 No No TAH/BS0 None n 
VR F 61 82.3 1.74 27.18 No Yes TAH/BS0 Premar i  n 
AM F 62 57-7 1.51 25.28 Yes No Cholecystectomy None 
EK F 65 46.4 1.60 18.10 Yes Yes Colostomy megestrol,  cort iso 
PA F 73 70.0 1.60 27.34 No No Jewett Nai l-Hip sul indac, thyroid 
KH F 77 51.4 1.55 21.39 No No TAH/BS0 (3) 
MO F 83 65.0 1 . 6 3  24.60 No No Hip endoprosthesis " (4) 

"Total abdominal hysterectomy/bi lateral salpingoophorectomy 
( 1 )  

cyclosphophamide, megestrol,  BCG 
(2 )  

tolazamide, 1-thyroxine, t imolol 

(3) R R 
Dyazide ,  meclizine, ibuprofen, Darvocet-N ,  amitr iptyl ine 

(M 
digoxin, furosemide, sul indac 
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Subject Sex 
Age 

(yrs) 
Weight 

(kg) 
Hei ght 

(m) 
BMI 

(kg/m^) 

Smoking 
Status 

Alcohol 
Use 

Surgical 
Procedure 

Current 
Medications 

LM F 25 84.6 1.55 35.22 No No Cholecystectomy None 
FS M 29 215.0 1.75 70.20 No No Gastr ic Stapl ing (1) 
TS F 29 125.3 1.73 42.00 No No Gastr ic Stapl ing None 
PH F 31 130.5 1.73 43.75 Yes Yes Gastr ic Stapl ing None 
RC F 33 1 5 1 . 0  1.62 57.54 Yes Yes Gastr ic Stapl ing None 
OE F 38 108.0 1.57 43.55 No No Gastr ic Stapl ing Insul in 
JF M 46 151.1 1.83 45.19 Yes Yes Gastr ic Stapl ing (2) 

^terbutal ine, digoxin, theophyl l ine, dexamethasone 

(2) R R 
isoniazid, Aldomet ,  ibuprofen, phenytoin, hydrochlorthiazide, Ma rax 
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Subject Cr(mg%) Protein(g%) A1bumin(g%) SGPT(U/1) SG0T(U/1) 

KB 1 .0 5.4* 3.7 3 11 
ME 1.0 6.1 4.0 4 12 
PL 1.0 6.9 4.0 3 14 
EL 0.9 7.A 3.7 7 5 
LC 0.9 5.7* 3.9 1 10 
SR 1.0 6.0 3.7 9 11 
SJ 0.9 6.0 A .0 4 11 
MT 0.7 5.9* 3.3 2 25 

AA 1 .3 5.4* 3.0 12 19 
FW 0.9 5-8* 3.6 8 14 
BL 0.8 5.8* 3.9 7 10 
MB 0.8 6.7 4.1 11 15 
SG 0.8 6.3 3.7 7 17 

EGL 0.9 6.1 3.7 2 4 
MS 0.8 5.5* 3.5 6 3 

VAS 0.9 7.4 3.2 4 32 
VR 0.9 5.6* 3.6 10 15 
AM 0.7 6.3 3.4 24 47* 
EK 0.9 5.7* 3.3 7 17 
PA 0.9 5.5* 3.9 45 5 
KH 1.0 5.7* 3.6 8 11 
M0 0.8 6.2 3.6 4 12 

Normal 0.7~ 6.0- 3-0- 0- 0-
range 1.5 8.5 5.5 45 41 

"Values which are outside normal range 

NOTE: Patients above dashed l ines were also used as age-matched controls 
in the obese study. 
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Subject Cr(mg%) Protein(g%) A1bumi n(g%) SGPT(U/1) SG0T(U/1) 

LM 0.8 7.3 3-9 74* 77* 
FS 1.0 6.4 3.4 8 23 
TS 0.9 5.5* 3.5 27 45 
PH 0.9 5.8* 3-3 8 18 
RC 0.6* 5.7* 3.5 15 11 
OE 0.7 6.3 3-7 7 24 
JF 0.9 6.5 3-9 12 14 

Normal 0.7- 6.0- 3.0- 0- 0-
range 1.5 8.5 5.5 45 41 

Values which are outside normal range 
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KB ME 

Time(hrs) Cone, (ug/ml) Tlme(hrs) Cone, (yg/ml) 

0.15 2 k .  0.08 12.10 
0.25 12.25 0.17 7.49 
0.50 11.90 0.30 6.46 
0.77 7.85 0.52 3.03 
1.00 A.90 0.75 3.03 
2.07 1.12 1.00 2.41 
4.05 0.61 1.88 2.22 
6.05 0.32 4.00 1.88 
8.02 0.24 6.00 1.45 

12.18 0.18 8.00 1.25 
16.18 0.15 12.22 0.68 
23-35 0.051 16.63 0.35 
32.90 0.020 24.72 0.15 

32.05 0.072 

PL EL 

Time(hrs) Cone, (ug/ml) Time(hrs) Cone, (pg/ml) 

0.17 6.69 0.12 20.63 
0.25 3.46 0.22 11.85 
0.50 2.47 0.28 7.65 
0.75 2.15 0.50 5.00 
1.00 2.00 0.75 3.91 
2.00 1.58 1.00 3.60 
4.08 1.35 2.00 2.03 
6.05 1.23 4.53 1.29 
8.05 0.70 6.22 0.89 

11.47 0.33 7.63 0.62 
17.97 0.15 12.63 0.45 
23.38 0.082 1 6 . 6 3  0.26 
32.38 0.045 23.13 0.13 
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LC SR 

Time(hrs) Cone. (ng/ml) Time(hrs) Cone.(Wg/ml) 

0.07 24.10 0.10 14.68 
0.17 14.50 0.18 6.98 
0.25 8.72 0.28 5.58 
0.48 8.53 0.50 4.99 
0.77 8.24 0.75 4.63 
0.98 4.50 1.00 2.74 
1.98 4.60 1.98 1.30 
A.16 4.12 3.97 1.03 
6.08 2.59 6.20 0.90 
8.08 2.11 8.17 0.75 

12.10 0.87 12.02 0.52 
15.95 0.53 16.15 0.33 
24. 33 0.16 26.37 0.15 
42.78 0.025 33.27 0.10 

49.82 0.025 

SJ MT 

Time(hrs) Cone, tug/ml) Time(hrs) Cone, (ng/ml) 

0.12 14.80 0.083 24.89 
0.40 7.23 0.17 26.34 
0.52 6.59 0.25 12.08 
0.75 4.31 0.53 5.58 
0.97 3.35 0.80 2.23 
1.97 2.43 1.00 1.57 
3-85 1.77 2.00 1.17 
5.00 1.37 4.00 0.92 
7.18 1.12 6.17 0.93 

11.98 0.93 7.88 0.64 
17.16 0.69 11.67 0.42 
28.28 0.20 16.92 0.22 
45.52 0.070 23.55 0.13 

36.33 0.035 
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AA FW 

Time(hrs) Cone.(ug/ml) Time(hrs) Cone.(ug/ml) 

0.083 14.54 0.083 21.49 
0.17 3.48 0.17 10.95 
0.25 3.12 0.25 10.20 
0.50 4. 12 0.52 7.45 
0.75 4.62 0.77 7-13 
1.00 3.32 1.00 6.31 
2.00 1.23 2.00 2.60 
3.58 1.00 3.90 0.80 
5.58 0.90 5.90 0.63 
7.58 0.85 7.95 0.54 

11.33 0.62 11.82 0.34 
16.33 0.51 16.07 0.31 
23.17 0.26 23.57 0.19 
34.42 0.14 35.88 0.055 
47.08 0.055 48.15 0.030 
57.83 0.025 

BL MB 

Time(hrs) Cone. ( yg /ml) Time(hrs) Cone. (ug/ml) 

0.083 6.09 0.05 20.20 
0.18 4.86 0.17 9.26 
0.28 3.55 0.27 7.22 
0.50 1.95 0.50 7.52 
0.75 1.42 0.75 3.93 
1.00 0.61 1.03 3.05 
2.05 0.60 2.03 1.85 
4.03 0.51 4.00 0.76 
6.00 0.45 5.97 0.66 
8.22 0.37 7-77 0.62 

11.62 0.26 11.90 0.40 
16.12 0.22 22.65 0.15 
24.05 0.16 31.02 0.073 
33.37 0.11 
47.03 0.060 
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SG EGL 

Time(hrs) Cone.(ug/ml) Time(hrs) Cone. (ug/ml ) 

0.10 4.05 0.083 20.00 
0.20 2.78 0.17 12.73 
0.28 2.00 0.25 6.18 
0.50 1.69 0.50 4.88 
0.75 1.37 0.75 2.27 
1.00 1.68 1.00 1.92 
2.00 0.95 1.97 1.64 
5.17 1.11 4.13 1.10 
6.00 1.00 5.97 1.00 
7.83 0.92 7.97 0.85 

16.83 0.65 12.28 0.64 
24.25 0.40 17.03 0.47 
32.83 0.26 24.28 0.26 
46.08 0.10 32.28 0.24 

47.63 0.15 
56.92 0.082 
72.28 0.045 

VS VAS 

Time(hrs) Cone.(ug/ml) Time(hrs) Cone.(ug/ml) 

0.083 10.00 0.083 13.38 
0.18 3.86 0.17 13.27 
0.25 2.74 0.25 2.23 
0.50 2.04 0.50 1.56 
0.75 1.42 0.75 1.85 
0.97 1.04 1.00 1.50 
2.00 0.85 2.00 0.80 
4.00 0.51 4.00 0.79 
6.08 0.46 5.92 0.60 
8.33 0.40 7.92 0.42 

12.00 0.26 13.50 0.31 
23.00 0.13 16.00 0.27 
29.33 0.088 21.92 0.20 
46.00 0.035 32.00 0.14 

46.83 0.055 
56.00 0.038 
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VR AM 

Time(hrs) Cone. (yg/ml ) Time(hrs) Cone. (yg/ml) 

0.05 13.79 0.25 4.90 
0.17 5.54 0.50 2.25 
0.30 5.34 0.73 2.14 
0.52 2.00 1.00 1.82 
0.77 1.93 1.93 1.11 
1.00 2.21 3-85 0.64 
2.00 0.72 5.85 0.48 
4.05 0.60 8.50 0.44 
6.05 0.44 12.25 0.25 
8.05 0.35 17-25 0.21 

13-88 0.21 22.02 0.19 
17.88 0.20 31.95 0.12 
23.05 0.15 44.92 0.086 
32.80 0.10 56.58 0.060 
48.17 0.070 73.17 0.033 
57.55 0.047 

EK PA 

Time(hrs) Cone, (yg/ml) Time(hrs) Cone, (yg /ml) 

0.083 10.15 0.10 13.55 
0.17 16.71 0.25 8.55 
0.25 5.08 0.45 6.14 
0.50 2.60 0.82 3.91 
0.75 2.43 1.02 3.46 
1.00 1.47 2.05 1.32 
2.00 1.55 4.53 1.41 
4.13 1.50 6.28 1.22 
6.08 1.47 9.12 0.72 
8.50 1.41 13-28 1.01 

20.62 0.75 17.37 0.47 
26.70 0.66 22.12 0.38 
32.70 0.53 30.78 0.28 
45.50 0.30 43.62 0.14 
56.70 0.20 55.20 0.10 
71.83 0.10 67.62 0.050 
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KH MO 

Time(hrs) Cone.(ug/ml) Time(hrs) Cone.(yg/ml) 

0.15 12.10 0.12 4.79 
0.60 4.46 0.22 2.74 
0.73 3.96 0.30 1.66 
1.00 3.32 0.52 0.74 
2.00 2.30 0.75 0.53 
4.10 1.94 1.00 0.35 
6.02 1.98 2.07 0.24 
8.10 1.66 5.43 0.19 

13.37 0.93 6.77 0.18 
16.73 0.85 9.18 0.15 
24.10 0.61 12.18 0.14 
36.60 0.31 16.18 0.12 
49.00 0.24 20.43 0.10 
61.27 0.12 30.43 0.078. 
72.35 0.043 44.90 0.036 
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Figure XI I  I-1• Serum Thiopental Concentrat ion vs. Time Plots after 
Intravenous administrat ion of Sodium Thiopental in 
Patients KB, ME, PL and EL. 



1  

» 

10-

» 

1-

I ** 

i *1 • 0.0*4 

0 10 10 30 
TMIMM) 

igure XI I  1-2. Serum Thiopental Concentrat ion vs. Time Plots after 
Intravenous Administrat ion of Sodium Thiopental in 
Patients LC, SR, SJ and MT. 
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Figure XI I  1-3. Serum Thiopental Concentrat ion vs. Time Plots after 
Intravenous Administrat ion of Sodium Thiopental in 
Patients AA, FW, BL and MB. 
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Figure XIII—4. Serum Thiopental Concentrat ion vs. Time Plots after 
Intravenous Administrat ion of Sodium Thiopental in 
Patients SG, EGL, VS and VAS. 
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Figure XI11-5. Serum Thiopental Concentrat ion vs. Time Plots after 
Intravenous Administrat ion of Sodium Thiopental in 
Patients VR, AM, EK and PA. 



8-J MO 

O 
P  <  

IV 
O 
z o 
o 

HI 

40 80 

TIME (HRS) 

0.8 

2 0.1 

1 0.05 
in <a 

10 20 
—i— 
30 40 50 

TIME (HRS) 

Figure XI11-6. Serum Thiopental Concentrat ion vs. Time Plots after Intravenous Administrat ion 
of Sodium Thiopental in Patients KH and MO. 

ON 
K j J  



APPENDIX XIV 

SERUM THIOPENTAL CONCENTRATION VS. TIME AFTER 
INTRAVENOUS ADMINISTRATION OF SODIUM THIOPENTAL IN 

YOUNG, OBESE PATIENTS 

164  



165 

LM FS 

Ti me(hrs) Cone, (u g/ml) Time(hrs) Cone, (u g/ml) 

0.12 15.53 0.08 21.80 
0.20 8.80 0.17 13-42 
0.30 7.36 0.32 7.56 
0.50 2.89 0.62 2.81 
0.75 2.48 1.30 1.43 
1.00 1.58 2.15 1.10 
2.00 0.60 4.40 0.26 
6.12 0.42 7-03 0.24 
8.27 0.41 8.20 0.19 

12.00 0.35 12.20 0.19 
16.00 0.27 15.20 0.19 
22.72 0.23 24.20 0.16 
32.10 0.21 36.20 0.090 
48.15 0.17 48.20 0.059 
57.18 0.15 60.20 0.018 
74.27 0.14 
81.00 0.10 
96.00 0.090 

TS PH 

Time (hrs) Cone, (u g/ml) Time(hrs) Cone, (u g/ml) 

0.28 4.22 0.12 12.45 
0.50 3.01 0.22 6.57 
1.17 1.71 0.32 6.18 
1.65 1.79 0.50 4.32 
2.40 1.23 0.75 3.65 
4.25 0.55 1.00 3.04 
6.25 0.51 2.00 1.31 
7.92 0.52 4.08 0.76 

11.92 0.48 6.08 0.67 
16.92 0.48 8.08 0.40 
18.25 0.48 14.25 0.25 
20.42 0.44 18.25 0.17 
29.62 0.38 23.42 0.17 
42.88 0.30 33.92 0.15 
54.25 0.19 48.42 0.098 
75.67 0.16 56.92 0.072 
96.00 0.085 73.58 0.063 

80.84 0.041 
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RC 0E 

Time(hrs) Cone, (ug/ml) Time(hrs) Cone. i t  g/ml) 

0.17 15.14 0.08 13.29 
0.25 8.67 0.17 10.38 
0.43 6.00 0.25 8.27 
0.75 4.20 0.50 6.64 
1.00 3.10 0.75 5.75 
2.00 1.35 1.00 4.27 
4.17 0.83 2.10 2.30 
6.00 0.62 4.00 0.64 
8.33 0.50 6.10 0.39 

11.75 0.33 8.05 0.32 
15.75 0.28 12.52 0.30 
21.92 0.18 15.77 0.28 
31.92 0.10 23.52 0.24 
47.70 0.080 35.27 0.11 
55.75 0.061 45.93 0.073 
69.92 0.044 54.90 0.049 

69.32 0.038 
77.22 0.030 
97.50 0.025 

JF 

Time(hrs) 

0 .08  
0 . 1 8  
0.25 
0.52 
0.77 
1 .00  
1.97 
3-97 
6 . 0 0  
8 .00  

12 .00  
16 .00  
23-58 
32.13 
50.35 
57.30 
73.88 

Cone, (ug/ml) 

15.48 
5-96 
4.55 
2.32 
1.95 
1.79 
0.66 
0.40 
0.35 
0.30 
0.27 
0.15 
0.084 
0.069 
0.052 
0.046 
0.028 
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Figure XV-1 - Serum Thiopental Concentrat ion vs. Time Plots after 
Intravenous Administrat ion of Sodium Thiopental in 
Patients LM, FS, TS and PH. 
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O.Ot 

Figure XV-2. Serum Thiopental Concentrat ion vs. Time Plots after 
Intravenous Administrat ion of Sodium Thiopental in 
Patients RC, OE and JF. 
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Subject Aj (| jg /ml) M (hrs ' )  A2^ig /ml) X.2(hrs ' )  A^Gig/ml) X 3(hrs ' )  

KB - - — 22.90 1.68 0.64 0 . 1 0 3  
ME — — 14.43 5.75 2.83 0.117 
PL — — 11.79 7.33 2.15 0.140 
EL 50.23 9.89 4.35 0.78 1.61 0.1 10 
LC — — 30.43 8.11 6.09 0.143 
SR — — 8.79 1.77 1.36 0.081 
SJ — — 16.10 2.61 2.23 0.079 
MT ~ — «• « 37-63 4.50 1.41 0.103 

AA 3.55 1.13 1.33 0.068 
FW 45.02 21.49 12.12 0.99 0.88 0.072 
BL — — 7.96 3.52 0.53 0.048 
MB 29.36 20.16 8.90 1.31 1.13 0.088 
SG — — 6.51 4.96 1.39 0.055 

EGL 23.5^ 5.5*» 1.33 0.22 0.81 0.040 
VS 26.00 15.00 2.03 1.19 0.62 0.065 

VAS 44.61 15.25 1.18 0.47 0.62 0.050 
VR 15-33 8.32 2.57 0.80 0.41 0.039 
AM 16.88 7.51 2.02 0.44 0.39 0.034 
EK — — 14.85 5.38 1.76 0.039 
PA — — 10.00 1.59 1.26 0.048 
KH — — 11.37 2.34 2.29 0.052 
MO 10.75 9.76 1.94 2 . 6 7  0.23 0.041 

NOTE: Patients above dashed 1ines were also used as age--matched controls in the obese study. 
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Subject Aj (ug /ml) Al(hrs *) A2Gig /ml) X2(hrs ' )  A^(ug /ml) \  3(hrs ' )  

LM 16.93 3.4l 0.46 0.18 0.32 0.013 
FS 33-00 7.50 4.67 1.03 0.33 0.044 
TS — — 4.16 0.94 0.62 0.020 
PH 8.95 2.11 1.70 0.27 0.27 0.022 
RC 13.37 2.02 1.16 0.15 0.20 0.021 
OE — — 10.73 0.90 0.41 0.034 
JF 9.06 2.81 0.66 0.16 0.13 0.020 
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Subject Dose (nig/kg) Vc( l /kg) V^O/kg) Vss0/kg) CI(1/kg/hr) CIB(1/kg/hr) VCR 

KB 5.40 0.229 2.64 0.99 0.273 0.328 0.832 6.71 
ME 4.64 0.269 1.49 1.35 0.174 0.205 0.847 5.91 
PL 4.93 0.354 2.08 1.89 0.291 0.301 0.966 4.95 
EL 3.92 0.070 1.41 0.86 0.155 0.167 0.926 6.33 
LC 5.98 0.164 0.9C O . 83  0.129 0.143 0.899 4.86 
SR 4.42 0.^35 2.52 1.97 0.203 0.240 0.881 8.60 
SJ 5.60 0.305 2.06 1.70 0.162 0.200 0.809 8 .78  
MT 5.75 0.147 2.53 1.59 0.261 0.298 0.875 6.72 

AA 5.49 1.130 3.57 3.10 0.243 0.300 0.810 10.18 
FW 6 .32  0 .109  3.30 1.63 0.239 0.310 0.770 9.57 
BL 3.54 0.417 5.52 4.59 0.265 0.297 0.893 14.40 
MB 6.01 0.153 3.24 2.04 0.286 0.410 0.698 7.85 
SG 3.70 0.582 2.58 2.50 0.141 0.160 0.881 12.71 

EGL A. 77 0.186 3.92 2.75 0.155 0.179 0.864 17-53 
VS 2.24 0.078 2.64 1.96 0.172 — — 10 . 63  

VAS 4.79 0.103 5.38 3.82 0.270 0.285 0.947 13-84 
VR 2.80 0.153 4.57 3.13 0.179 0.193 0.926 17.63 
AM 3.98 0.207 6.50 4.20 0.218 0.207 1.054 20 .63  
EK 5.95 0.358 3.19 3.00 0.125 0.181 0.689 17-73 
PA 3-94 0.350 2.51 2.04 0.121 0.147 0.823 14.36 
KH 7.61 0.557 2.99 2.70 0.157 0.174 0.900 13.23 
MO 2.48 0.192 8.07 6.12 0.331 0.441 0.751 16.93 

NOTE: Patients above dashed lines were also used as age-matched controls in the obese study. 
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Subject a Vc(1/kg) V3(1/kg) Vgs( l /kg) CI(1/hr/kg) 

KB 0.179 1.28 14.74 9.50 1.53 
ME 0.169 1.59 8.79 7.99 1.03 
PL 0.209 1.69 9.95 9.02 1.39 
EL 0.213 0.33 6 .63  4.06 0.73 
LC 0.216 0.76 4.18 3.85 0.60 
SR 0.222 1.96 11.35 8 .87  0.91 
SJ 0.209 1.46 9.86 8.13 0.78 
MT 0.190 0.77 13.32 8.37 1.37 

AA 0.184 6.14 19.40 16.85 1.32 
FW 0.185 0.59 17.84 8.81 1.29 
BL 0.197 2.12 28.02 23.30 1.35 
MB 0.168 0.91 19.29 12.14 1.70 
SG 0.183 3.18 14.10 13.66 0.77 

EGL 0.200 0.93 19.60 13.75 0.78 
VS 0.197 0.40 13.40 9.95 O.87  

VAS 0.255 0.40 21.10 14.98 1.06 
VR 0.252 0.61 18.14 12.42 0.71 
AM 0.217 0.95 29.95 19.36 1.01 
EK 0.227 1.58 14.05 13.22 0.55 
PA 0.188 1.86 13-35 10.85 0.64 
KH 0.227 2.45 13.17 11.89 0.69 
MO 0.276 0.70 29.25 22.17 1.20 

NOTE: Patients above dashed lines were also used as age-matched controls in the obese study. 
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Subject Dose(mg/kg) Vc(1/kg) (1/kg) Vss( l /kg) CI(1/kg/hr) ClgO/kg/hr) C
B /Cp 

LM 4.73 0.246 10.54 8.11 0.138 0.154 O . 898  53.04 
FS 3.00 0.079 A.15 1.95 O . I83  — — 15.75 
TS 3-67 0.768 5.17 A.55 0.102 0.111 0.916 35.00 
PH 4.23 0.387 8.44 4. 76 0.185 0.214 0 . 863  31.53 
RC 2.59 0.176 5.19 2.28 0.109 0.124 0.879 32.97 
OE i t .26 0 .383  5.21 2.71 0.178 0.241 0.740 20.24 
JF 4.72 0.479 16.88 8.66 0.339 0.431 0.786 34.54 
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Subject a v (1/kg) v 13 ( 1 /kg) v ( 1/kg) C1(1/hr/kg) 
c ss 

LM 0.196 1.26 53.78 41.39 0.70 
FS o. 190 0.42 21.83 10.26 0.96 
TS 0. 195 3.94 26.51 23.33 0.52 
PH 0.234 1.65 36.07 20.34 0.79 
RC 0. 178 0.99 29. 16 12.81 0.61 
OE 0. 190 2.02 27.40 14·. 26 0.94 
JF 0.203 2.36 83. 15 42.64 1.67 

-00 
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