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ABSTRACT

The pharmacokinetics and bioavailability of phenobarbital* 

in addition to the effect of alkaline diuresis of phenobarbital 
elimination5 were examined in six healthy adult subjects. The three 

treatment sequences were randomized and serum phenobarbital concentra

tions were followed for 21 days by means.of an HPLC assay. After the 

intravenous dose the,distribution half-life, was 0.18 hour and the 
elimination half-life was 138«6; hours, Total body clearance and renal 

clearance were 3.0 ml/hr/kg and 0.8 ml/hr/kg, respectively. . The 

apparent volume of distribution was 0.60 L/kg. After administration ; 
of phenobarbital tablets.the maximum phenobarbital serum concentration 

was 5.5 mg/L at 2.3 hours after the dose. Adjusted absolute bio

availability of the tablets studied was approximately 95%. The 
elimination of half-life was 121.6 hours for the oral dose. \There 

was no evidence of autoinduction of phenobarbital elimination.over 

the study period. During alkaline diuresis total body clearance and 

renal clearance increased by 141.8%.and 501.2%,.respectively. The ■ 

increase in phenobarbital renal clearance is attributed to both an 

increase in urine pH.and urine flow, the relative contributions of 

which, could not be determined. The amount of phenobarbital excreted 

in the urine increased approximately 300% over control elimination. 

However, this represented only 12 mg (approximately 7%) of total body 

phenobarbital.



CHAPTER; 1

\ ' INTRODUCTION .

All barbituric acid derivatives possess anticonvulsant and 

CNS depressant properties. Phenobarbital, a long-acting barbiturate, 

is the most‘potent barbiturate for the treatment of grand mal • 

seizures (Harvey 1975). This fact accounts for the majority of the 

use of phenobarbital in medicine today. A direct relationship between 

s erum phenob arb ital concentrations and control of seizure activity 

in epileptic patients has been indicated. Although wide interpatient 

variation does exist, in the response to a given concentration of 

phenobarbital, optimum seizure control for most patients is achieved 

with serum phenobarbital concentrations in the range of 10-30 mg/L 

(Buchtal, Svensmark and Simonsen 1968)..

Even though barbituric acid derivatives have been used 

therapeutically for over 65 years, certain important pharmacokinetic 

characteristics of these agents remain unknown. The absolute bio- 

availability characteristics of phenobarbital tablets in humans have 

not been investigated in controlled trials in the literature. Bio

availability of phenobarbital has been reported to be 100% in two in
patients treated for hypnosedative withdrawal with phenobarbital 

(Martin et al. 1979). However, this study had a sample of only two 
patients and verification of these results are necessary. Bioavail

ability may have important implications in seizure control, as
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phenobarbital is marketed by at least sixty-five companies-’ • Changes 
in steady state concentrations of phenobarbital, due to. bioavailability 
variations among products, could cause serious problems in well 

controlled patient populations as small changes in the extent of 

absorption may result in a lack of therapeutic efficacy or toxicity-.

Intravenous phenobarbital has been frequently used in the acute 
treatment of status epilepticus. However, its pharmacokinetics have - 

not been studied in adults (Whyte and DeKaben 1977; Pitlick> .Painter, 
and Pippingef 1978; Martin et al- 1979)- Therefore, a more rigorous :

-vX:"! assessment of the clearance and distribution character is tics of this :

-v:; -drug. would .add to the understanding of the disposition of this

important therapeutic agent- v:' "X. - v.v:"V/:X''
. Barbituric acid derivatives are not only widely prescribed by. "
X- the medical community, but are also widely abused by the lay public 

for their, central nervous system (CNS) depressant and euphoric 

properties - This frequently leads to accidental or intentional over

doses which may be fatal. At Parkland Memorial Hospital in Dallas, 

barbiturates, either alone or in.combination with other drugs, were 

the leading cause of overdose admissions, over the five year:! period from 

1973 to 1977 (Anderson 1977). Barbiturates were also the leading 
cause of deaths due to overdose in Dallas County during that same five 

year period. In Britain, barbiturate ingestions account for about 70% 

of hospital admissions due to acute drug intoxications and 2,000 adult 

deaths per year (Matthew and Lawson 1971).' At-high doses the CNS depres- 

sion caused by phenobarbital leads to severe respiratory depression. Since



phenobarbital has a half-life of three to four days ̂ it may take days 

for plasma levels to fall to safe concentrations and for the patient 

to regain consciousness.;If the- respiratory depression is severe 

enough to require a respirator, numerous serious secondary complica
tions may result (Zwillich et al. 1974). For example5 pneumonia was 

. the leading cause of mortality in phenobarbital overdose patients in 

a study involving 185 barbiturate intoxicated patients (Goodman et al 

1976), Treatment has been directed toward 1) shortening duration of 

time on the respirator, 2) shortening duration of time in coma and 

■o3) shortening the half-life.of phenobarbital in an attempt to decreas 
the chances of mortality of overdose victims. Specific therapy in -■ 
regard to these objectives was first published in 1960 in Denmark by 

. Lassen (1960). It was shown that forced diuresis and alkalinization 

of the urine produced a clinically significant shortening of the . 

duration of coma in long-acting barbiturate overdoses. The duration 

of coma for phenobarbital overdose patients was reduced by approxi- 

. mately one-half in this study. However, the use of alkaline diuresis 

involves complications, such as pulmonary edema9 if improperly 
managed. Although this work and subsequent works have shown the 

. effectivenessx dfthis type of treatment, the quantitative significance 

of these changes in phenobarbital clearance have not been explored 

(Myschetzky and Lassen 1963, Clemmesen and Nilsson 1961%.

. Purpose

The literature does not provide data on the bioavailability 
of phenobarbital tablets, on the disposition of phenobarbital in



healthy adults, or on the influence of. alkaline diuresis on phenobar- 

bital disposition* Therefore«, this study was designed to establish 
the absolute bioavailability of phenobarbital tablets, to determine 
the clearance, and volume of distribution in healthy adults, and to 
determine if .significant.changes in.renal clearnace and total body 

clearance occur during a period of alkaline diuresis as compared to 

control elimination periods. This data should not only describe the 

disposition;of phenobarbital in healthy adults and aid in the dosing 
of oral phenobarbital tablets 9 but should also aid physicians in the 

treatment of phenobarbital overdose victims.

Assumptions

In . this study normal healthy adult males will be assumed to 

represent the population of patients on phenobarbital. Although 

slight variations may exist between normal healthy adults and epileptics, 

these differences are assumed . to be clinically insignificant .as no 

data to the contrary exists in the literature. ■ Also, when comparing 

methods for.phenobarbital overdose treatment, it must be assumed 
that phenobarbital will not exhibit dose-dependent changes in clearance 

and distribution at higher plasma concentrations than will be 

achieved in this, study, since the doses to be employed in this study 

will provide concentrations slightly below those generally considered 

therapeutic. ■

Limitations

Application of the findings of this study should be limited 

to the.subjects involved, but in general can serve as guidelines to a



. i-more diverse population. The absolute ;bioavailability data can be 
applied to epileptics, the volume of distribution arid clearance 

values in normal healthy.adults will add to the body of knowledge 

: on phenobarbital, and the overdose treatment findings may show the 
v usefulness, or lack of usefulness, of historically accepted methods
of phenobarbital. overdose treatment. In an actual overdose treatment,

forced diuresis would be carried out for at least 24 hours and an 
osmotic diuretic such as mannitol would be used* In this study the 

: forced diuresis will not employ mannitdl and will last only 10 to
■: 121 hours so as not to place undue stress on subjects in the study.

If changes in clearance do exist they should be seen during this

/shortened period of diuresis.

• . Definitions

Half-life (th) is defined as the time required.for the amount 

of drug in the body to decrease to one half its original value. The 

first order elimination rate constant (K) represents the fraction of 

drug removed from the body per unit time. The volume of distribution 

(V,) is a proportionality constant that relates the serum concentration 

of a drug to the total amount of drug in the body. Total body 

clearance (Cls) represents a measure of the overall effectiveness 
of the body’s ability to eliminate a drug while renal clearance (Clr)

. represents the kidneys contribution to this overall elimination process 

for. a drug. Absolute bioavailability is a measure of the amount of 

an oral dose that is absorbed compared to an intravenous dose.



Alkaline diuresis in this investigation will be defined as the . 
intravenous infusion of lOOmEq sodium bicarbonate per liter of 5% 

- dextrose solution at a rate of 500 ml/hr.for ten hours.



CHAPTER 2

REVIEW OF THE LITERATURE

Although the absolute bioavailability9 clearance and -volume . 

of distribution of phenobarbital are not known9 certain properties 
of phenobarbital have been elucidated, Phenobarbital is a weak acid 

with a pKa,of 7,2 and a half-life of approximately 80 hours in normal . 

healthy adults (Waddell and Butler 1957; Boreus et al, 1978;
' Viswanthmi:::: et: al, ;1979) , Its volume,of distribution is generally 
reported at 0,6 to 0,7 L/Kg in adults,' However9 these volume of 

distribution estimates.are based primarily on oral data and assume 

v a bioayailabilit^ of one. Therefore9 these estimates may be over- ‘ 

estimates, Approximately 40-50% of the drug is bound to plasma 

proteins (Boreus etalo 1978), Absorption is believed to be slow and ; 

complete9 however9 no evidence exists in the literature to totally 

support this belief (Lous 1954; Svensmark and Buchtal 1963; Martin 

et al, 1979; Butler et al. 1954),

: Elimination of phenobarbital is primarily by hepatic microsomal 

enzyme metabolism to two major metabolites9 p-hydroxyphenobarbital 

.(PHPB) and conjugated PHPB.. These metabolites account for 10-40% of 

the phenobarbital eliminated in the urine (Whyte and DeKaben 1977;... 

Kallberg, et al.1975). The other significant route of.elimination 

is renal excretion of unchanged drug which accounts for.10-25% of



phenobarbetal elimination. This percentage is', however, subject to 
change with changes in urine pH and urine flow (Boreus et al. 1978; 

Whyte and DeKaben 1977; Kaiiberg et al. 1975).

Since phenobarbital is a weak acid with a pK of 7.2, it is 

subject to changes in ionization and therefore distribution with, 

slight changes in physiologic pH. This can be explained in terms of 

membrane permeability of the unionized species and the relatively , 

poor membrane permeability of the ionized species of the drug (Waddell 
and Butler 1957). For example, when blood pH is altered by inhalation 

of carbon dioxide producing a more acidic blood pH, or by injection 

of sodium bicarbonate producing a more, alkaline blood pH,a change in 

phenobarbital distribution has been demonstrated. Carbon dioxide . 

inhalation causes phenobarbital equilibrium to be shifted toward, 

the unionized species in plasma, arid therefore results in increased 
extravascular distribution, and therefore a larger volume of 

distribution due to its increased ability to cross biologic membranes. 

This increased volume of distribution results in a lower.concentration 

of phenobarbital in.plasma but a higher concentration of drug in / 

tissues. In contrast,, when sodium bicarbonate is injected intrave

nously the equilibrium shifts toward the ionized species in plasma 

and therefore results in a decreased volume of distribution due to 

the inability of this species to diffuse out of plasma. This produces 

a higher phenobarbital concentration in plasma and a lower pheno

barbital concentration in the tissues.



The.same .principle applies to alkalinization of the urine and 

/ its effect on phenobarbital membrane permeability. The drug is first 
filtered at the glomerulus and is then reabsorhed in the renal tubule 
by passive diffusion. The rate of passive diffusion is dependent 

upon the equilibrium established by the ' ionized . drug species in the 

..." tubule and drug unbound in plasma. For example9 if tubular pH was 

7.9, with a plasma pH of 7.4, the concentration of ionized drug in' .

■ the tubule would be"over twice the concentration of ionized drug in 

plasma. However, with a tubular pH of 6.0 the concentration of 

ionized drug in the tubule would be. less .than: half that ionized 

in plasma;(Waddell and Butler 1957). The effect of alkaline urine 
on tubular resorption is greatly reduced with other barbiturates, 
such as secobarbital (pKa 7.9), since the unionized form of the 

drug can only approach 50% of the total drug concentration in the 

tubule. Phenobarbita1 is unique among the commonly used barbiturates 

in this physiologic pH effect, and therefore alkaline diuresis may 

be useful in the treatment of phenobarbital poisonings.

Factors Affecting Drug Clearance

' . A § e  - ; ' . . ;

There appears to be age-dependent differences in the elimina

tion. of phenobarbital. Newborns in the first eight days of life 

excrete unchanged phenobarbital in proportions.similar to adults, 

however, when phenobarbital metabolite patterns are compared in these 

two age groups^ marked differences are seen. The adults produced . 

three times as much conj.ugated-PHPB as the newborns, even though total



■; ' . 10 ; 
elimination quantities were similar over the eight day collection 

(Boreus et al. 1978). Although the newborn has a decreased ability 
to.conjugate the drug, it appears to be no major handicap.in 

.phenobarbital elimination due to various alternative metabolic path

ways.

As is the case with many drugs, the body’s ability to clear 
phenob arb it al changes rapidly in the first year of life.. Some 

controversy exists as to whether neonates have elimination half-lives 

similar to, shorter than or longer than adults, Heimann and Gladtke 

(1977) studied phenobarbital half-life,.clearance and distribution 

characteristics in 51 children less than five years of age, / They 
:found that neonates 0-4 weeks- of■ age had significantly longer half- 

lives and lower total body clearance values than infants 2 months 

to 5 years of age. These differences were observed despite the 

fact that no. differences in volume of distribution at steady state 

were observed between the groups, The authors point out that neonates 
and infants, have decreased.glomerular filtration rates, decreased 

tubular secretion capacities as well as decreased liver enzyme 

functions compared to adults, The fact that neonates have a more 

acidic urine could also contribute to the prolonged half-life due 

to increased tubular reabsorption of phenobarbital,

Rossi et al, (1979) studied the plasma level/dosage ratio . . 

in 82 children 2 months to 6% years of age. It was found, that this 

ratio increases as the age of the patient increases. The ratio 

changes most drastically during the first year of life while the rate 

of change diminishes as the child becomes older. The authors attribute
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the increased ratio on changes in half-life, although the exact 

role of changes in. clearance and volume to this change in half-life 
is still undetermined at this time. Based on this study , patients 2 , 

months to 1 year of age require more phenobarbital on a milligram 

per kilogram basis than do patients 3 to 6^ years of age.

Enzyme Induction

Another factor that may influence phenobarbital clearance is 

hepatic microsomal enzyme induction. Phenobarbital itself is a 

potent inducer of these enzymes and has been shown to affect the 

clearance of such drugs as antipyrine (Ohnhaus et al. 1979; ‘ Kellerman 

and Kellerman 1977); and warfarin (MacDonald et al. 1969). Both 

drugs exhibited shortened half-lives, as compared to control values, 

when phenobarbital was concomitantly administered to patients in 

these studies. Although.phenobarbital is known to induce metabolism . 

of other drugs, it has not been shown to induce its own metabolism. 

Viswanthan et al.;(1979) examined serum and urine levels of pheno- 

barbital and PHPB in three male subjects after single and repeated 

.doses of phenobarbital and found.that the overall elimination rate 

remained unchanged after multiple doses. This finding is contradictory 

to anticipated changes in elimination if self-induction had occurred.

It was also observed that urinary exretion ratios of PHPB to 

phenobarbital remained unchanged during the study periods. Had 

induction occurred, the ratio of PHPB to phenobarbital in the urine 

might have been expected to increase after repeated doses.



..Application of the findings of this study is limited due to the ,
•. small sample size: (n=3). : However, they appear to support the absence

Disease States

v Certain1 disease.states have also been shown to .alter pheno- 

barbital eliminatidn* Alvin etalo (1975) studied the effect of 

cirrhosis and acute viral hepatitis on metabolism and excretion of 

phenobarbitalo Eight patients With.acute viral.hepatitis showed ho 

prolongation of phenobarbital half-life (86 hours versus 104 hours) 

and no alteration of the metabolite pattern of phenobarbital in the 
urine as compared to eight control patients. In contrast5 nine 

patients, with cirrhosis showed a significant prolongation of 

, phenobarbital half-life (86 hours versus .130 hours) and a significant - 

reduction, in the amount of conjugated phenobarbital (PBOC) appearing 

in the urine.; Approximately 27% of the phenobarbital dose was 

recovered, as PBOC in control patients compared to only 14% in cirrhotics. 

The authors conclude that since elimination of unchanged drug in the 
urine is affected by urine flow and urine pH, only moderate 

prolongations of phenobarbital half-lives were seen in patients with 
• cirrhosis.

Although there are ho. studies in the literature concerned 

with the effect of changing renal function on phenobarbital elimination5 

significant renal impairment could also represent, a potential problem . . 

in the elimiiiiation of phenobarbital. Most studies report that 10 to 

25% of phenobarbital is eliminated unchanged by the kidney, therefore
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any compromise in this route of elimination could decrease.clearance 

. (Borens et al. 1978.; Whyte and DeKaben 197 7; Kallberg et al.. 1975) .

Factors Affecting Drug Dosing
Accumulation

Since the. normal half-lif e for phenobarbital is 3 to 4 days, / 
significant accumulation occurs on chronic administration (Butler 

et al. 1954, Svensmark et al. 1963)» Steady state phenobarbital 

. concentrations^ are achieyed in about 4 to 7 half-lives , which in the 

case of phenobarbital is 2 to 3 weeks. Administration of a loading 

dose, would reduce the time required to reach steady state, however, 

this loading dose would be large enough to cause significant 

drowsiness or.sedation.if;administered. Doubling the daily dose 

for the first:3 to 4 days of therapy achieves steady, state concentra

tions more rapidly without the problem of sedation for most patients 
(Svensmark and Buchthal 1963).

Bioavailability

Although.a well, controlled study of the absolute bioavail

ability of phenobarbital has never been reported in the literature, 

one study reported a relative bioavailability value by comparing 

an oral dose of phenobarbital to an intramuscular (I.M.) dose of 

phenobarbital (Viswanthan et al. 1978). The I.M. availability was 

found to be,approximately: 80% of that of an equivalent oral dose. 

Therefore, the oral route of administration would, be preferred to 

the I.M. route of administration;except when oral dosing of pheno

barbital is inappropriate.
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: ; The only study InyoIving the absolute bioavailability of

phenobarbital was recently reported by Martin et all (1979). In 

this study, phepobarbital was given by intravenous infusion to seven 

patients being treated forhypnosedative withdrawal» . Laters on a 

different hospital admission, two.of these patients were given oral 

phenobarbitalo Comparison of total area under the curve (AUC) values 

for these patients showed the phenobarbital tablets to be 100% 
bioavailable. However, the sampling protocol for the intravenous 
and oral doses was not;presented in the paper. Because of the small 
number of patients and the lack of information reported in this study 

these findings need verification.

: Toxicology ■./;
Phenobarbital Overdose Incidence

Intentional and accidental ovdrdoses:of .barbiturates are 

still a common problem in the United States and Britain. In the U.S. 

there are some 3,000 barbiturate deaths per year (Murphee 1973). At 

Parkland Memorial Hospital in. Dallas, barbiturates, alone or in 

combination with other drugs, were, the leading cause of overdose 

admissions over the five year period from 1973 to 1977 and barbit

urates were the leading cause of overdose deaths in Dallas County 

during that same five year period (Anderson 1977). In Britain, 

barbiturate ingestions account for about 70% of hospital admissions 

for acute.drug intoxications.and also 2,000 adult deaths per year 

(Matthew and Lawson 1975).. Many of these patients are referred to 
the emergency room in coma without any indication as to the agent
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employed in the ingestion. Helliwell et al. (1979) investigated
a series of patients referred to. a drug treatment emergency- room in. ’

■ coma and found that 51 out of 208 admissions had ingested barbiturates,

either alone or with other drugs. Of the 208 admissions barbiturates

were responsible for 60% of the severe cases and contributed to four

deaths. These findings clearly indicate the importance of suspecting

barbiturate ingestion.when presented with a patient in coma of

— -Morbidity and Mortality
Goodman et al. (1976) examined the complications encountered 

in 185 patients intoxicated with barbiturates.; Pneumonia and cardio

vascular instability were the leading:causes of morbidity and 

mortality in these patients. Of these 185 patients, 142.were intox

icated with long-acting barbiturates, such as phenobarbital, and 72 

were in various stages of coma (grades I through IV). Twenty five . .. 

of these comatose patients required endotracheal,intubation to 

support respiration, a procedure that carries significant complications 

of its own (Zwiilich et al. . 19.74) . Twenty fpur of these: twenty five . 
patients developed pneumonia. Cardiovascular instability, manifested 

by pulmonary edema, was seen in eleven of twenty five patients given 

intravenous fluids at a rate greater than 240 ml/hr for at least 

eight, hours during treatment. . The finding of pulmonary edema has. ;;j 

long been associated with barbiturate intoxications. The use of forced 
diuresis in these patients may have contributed to its development 

: (Schoenfield 1964). • Since forced diuresis carries significant



. morbidity and mortality, before the use of this treatment modality 

can be advocated for comatose patients it must be shown iri a controlled 

clinical trial that it can significantly change phenobarbital 
clearance. '

Historical Perspective
The treatment of barbiturate intoxications has evolved over 

the past, fifty.years. In the 1930/s and 1940Vs massive gastric lavage .. 
with fluids and powdered charcoal was employed. In the later 19.40Ts 
and into .the 1950T s the central analeptics, such.as picrotoxin and 

bemegride, were used extensively by clinicians. However, neither of 

these methods was able to reduce the barbiturate mortality rate

. which was then at- approximately 40% (Myschetzky and .Lassen 1963) . .''"1 ■; v:

Later Scandinavian physicians showed that by eliminating the central v 

analeptics and by rigidly observing physiologic principles in therapy 

mortality rates could be reduced from 40% to 1% (Clemmesen and Nilsson

1961). This came to be known as the "Scandinavian Method" for

treating barbiturate intoxications and the basic principles put 

forth in this paper are still used today. Treatment goals are to 
correct life-threatening symptoms such as respiratory or cardio

vascular problems; to prevent further drug absorption by using ernes is 

lavage and activated charcoal; to enhance removal of absorbed drug by 
forced diuresis, hemoperfusion or hemodialysis.; and to provide . 

supportive and symptomatic care (Skoutakis and Acchiardo 1979;

Robinson et al. 1971).,



One area of treatment that could have a significant influence 
on patient outcome5 if it could be altered, is ..the enhanced removal 
of absorbed drug. Barbiturates are excreted principally by two 
mechanisms— metabolism by the liver and excretion of unchanged drug 

by the kidney. The percentage of drug excreted by each route depends 

on the type of barbiturate ingested. Short-acting barbiturates 
are metabolized at a rate three to four times faster than long-acting 

barbiturates such as phenobarbital.(Hadden et al. 1969). Therefore, 
long-acting barbiturates have a larger percentage of drug cleared 

by the kidneys and increased urine flow may have a more pronounced 

effect on drug clearance. Lassen (1960) studied 14 patients in which 

he employed forced diuresis and alkalinization of the urine to treat 

barbiturate intoxications. Urea was used as the osmotic diuretic 

agent in this, study. It was found that urinary clearance of barbi

turates increased with diuresis at a constant pH and that alkaliniza

tion of the urine further enhanced this effect. Length of coma was 

also reduced in some patients by a factor as high as three times. 

Phenobarbital coma durations were reduced to about one-half those of 

control values and the average 24 hour elimination rate increased 
from a control value of 16% to a rate of 29% during alkaline diuresis. 
However, as could be expected, complications such as pulmonary edema 

and dehydration were also reported in some patients.

Some three years later Myschetzky and Lassen (1963) reported , 

a series of:57 patients treated with osmotic diuresis and alkaliniza- 

. tion of the urine and compared them to 82 control patients. The
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finding of increased clearance was: again reported along with a 
reported decrease in mortality in the treated group. For phenobarbital, 

the 24 hour elimination rate increased from 16%.to 36% in alkaline 

diuresis treated patients. This finding is suspect due to the nature 

of the control group. The only criteria for inclusion in the control 

group was a minimum barbiturate level5 however ? no attempt was made 
to match; patients as to other factors such as age, sex, or underlying 

:physiologic status. Further, the authors state: "The diuretic

treatment is not in itself lif.esaving. and is consequently never 

vitally indicated. -Its effect lies in reducing-the: duration of coma, 

thereby also preventing some of the complications of prolonged 

unconsciousness". However, are the complications of unconsciousness 

worse than the; -complicatioris of> forced diuresis Fluid retention .. 

leading to:pulmonary edema and death in one patient, along with 

dehydration and electrolyte imbalances all occurred in this series.. 

Although a reduction in the duration of coma is shown in; the study - . 

does it justify the use of this treatment? In order to justify this 
exposure, changes in the clearance of phenobarbital due to. this 
treatment must be more closely quantitated.

Bunn and Lubash (1965) examined four patients treated for 

short and intermediate barbiturate ingestions. They also observed 

increased barbiturate clearance during periods of increased urine flow 

even though these agents undergo rapid metabolism by the liver.

However, in one patient (a secobarbital ingestion) alkalinization of 

the urine to pH 7.5 was carried out and found to have no effect on



clearance. This.can be explained by the fact that secobarbital has 

a pKa of 8.08 arid therefore its ionization would be only slightly 
affected at pH 7.5. ■

Henderson and Merrill (1966) reported the experience with 
barbiturate intoxications from Peter Bent Brigham Hospital. They 
emphasize a conservative 9 supportive approach to therapy and report 

an.overall mortality rate of 4.8%. Diuresis and alkalinization of 

the urine are cited' as factors leading to increased urinary clearance 
of long and intermediate active barbiturates.

Numerous studies have now shown the increased urinary 

clearance of long-acting barbiturates. However, none has done so 

utilizing a controlled clinical situation and analyzed the data as 

to the effect on renal and total body clearance. This must be done 

to discover the actual effect of.alkaline diuresis

Newer Approaches , :

• Although alkaline diuresis is one of the mainstays of 

phenobarbital overdose treatment s.other approaches to■therapy have 

been studied. Most notable among these are hemodialysis and hemoper- 
fusion. The factors affecting dialysis were reviewed by Gibson (1979) 

and also by Gwilt and Perrier (1978). In the later article the two 

most important factors for hemodialysis, the percent - of free drug 

in plasma and the volume of distribution of the drug, are identified. 

The ratio of percent free to volume of distribution provides a ' 

predictive measure of the^efficacy of hemodialysis. Phenobarbital is



approximately 50% free in plasma arid has a volume of distribution of 
0. 7 L/kgi This gives a ratio of 70 which, suggests .that 20-50% of . 
the total amount of drug in the body would be removed in a six 

hour period of hemodialysis.

Clinical application of hemodialysis was recorded by Berman9 

et al.5 (1956) and later by Jorgensen and Wieth (1963). Both .of these 

studies show.the effectiveness of hemodialysis. Jorgensen reported 

spontaneous half-lives to be .12 to 24 times longer than those during 

hemodialysis while;osmotic diuresis half-lives were found to be five 

times longer.than those during dialysis. However 9 hemodialysis 

requires significant time and cost, and is generally reserved for 

more severe intoxications.
Hemoperfusion- has also beten; studied for use in overdose 

victims (Robenbaum et al. 1971; Widdop.et al. 1975; Lorch and Garella 

1979; Pond et al. 19.79) . Virtually all drugs have increased clearance 

values during the procedure, however, hemoperfus ion also has some: 

serious side effects such; as.hypotension and thrombocytopenia. There 
is.also a significant cost involved in utilizing this relatively new 

technique and for these reasons is not routinely employed for acute 

drug ingestions.

: Finally, a recent paper examined the effect of high, multiple

doses of activated charcoal.on phenobarbital clearance (Neuvonen and 

Elonen, 1980). In this investigation it was found that activated, 

charcoal, if given in repeated doses, resulted in a five fold increase 

in phenobarbital elimination. The phenobarbital half-life was



reduced from a control value of 110 hours to 20 hours by repeated 
charcoal doses. Although this approach..appears promisings the effect 

of enteral cycling at.higher drug doses may be changed and therefore 

. this treatment may be less effective than was found in this investiga- 
tiori. Further research at higher serum concentrations is necessary 

to determine the effect of activated charcoal on phenobarbital 

: elimination and its place in the.treatment of phenobarbital intoxica-

• tions. : ‘' : ' -
As can be seen from the studies presented, the literature on 

. phenobarbitai is still without a rigorous study to show the effect,: . -V 

or lack of effect, of alkaline diuresis on phenobarbital clearance.
: Although it has been shown to reduce the duration of time in coma,

; it has also been shown to carry a slgnfleant risk to the patient.

In addition, no absolute bibavailablit^ clearance or volume of 

distribution values have been reported in a controlled situation, 

v a finding that would be of benefit when evaluating the performance 

of this drug in epileptic patients.
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DESIGN -OF STUDY

Numerous methods of treating phenobarbital intoxications . 
have evolved over the .years:9 however 9 no one method" has ever been 

demonstrated to be superior on a pharmacokinetic basis, In addition9 
reports exist neither on the pharmacokinetics of intravenous pheno- 

barbtial nor on the absolute bioavailability of oral dosage forms, of 
phenobarbital, .. This investigation was undertaken to determine 

phenobarbital pharmacokinetic parameters 9 absolute bioavailability of 
one manufacturerT s brand of phenobarbital and if one of the common 

methods of treating phenobarbital intoxication could. Influence the 

. elimination of phenobarbital.

Methodology .

• This project was approved by the Human Subjects Committee at 

the Arizona Health Science Center, After explanation of the investiga

tion to each subject9 informed consent was obtained. Subjects were 

taking no other drugs during the study period and all were in good 

physical condition as judged by EKG9 blood and urine biochemistry.

Three studies were performed on all subjects: 1) an intravenous

control study9 2) an alkaline diuresis study and 3) a bioavailability 
study. Subjects were randomized as to the order in which each study 

was completed so that no two subjects completed .the three studies



in the same sequence» Intravenous doses of sodium phenobarbital of 
3 mg/kg3 adjusted to the nearest 60 mg increment in order to equal 

the oral phenobarbital doses, were administered. Subjects were given 

the same dose in all three studies. Each subject received sodium : 

phenobarbtial injection, 60 mg/ml, (Wyeth Labs, Inc.; Lot No. 4783301), 

and 60 mg phenobarbital tablets (Eli Lilly, Inc. Lot No. 1MM69B).

In the control study, intravenous sodium phenobarbital doses 

were given over 30 minutes through a heparin lock. The heparin 

lock was flushed with 10 ml of saline before.taking the first sample. 
Blood samples were obtained prior to the infusion.and at the following

: times after the infusion: 0, 0.25, 0.5, 1., 2,-4, 6, 8 12, 24, 36,
48, 72 and 96 hours and 5,6, 8, 10, 12, 14 and 21 days. The sample 

<at time zerowas drawn by - direct: venipuncture^; At each sample time 

an 8 to 10 ml.blood, sample was collected with a syringe and added to 
a vacutainer without anticoagulant. A heparin lock was utilized for 

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

the heparin lock was removed and all subsequent samples were obtained 

by venipuncture. The exact time of each collection was noted on 

both the collection tube and the data collection sheet. Blood 

samples were allowed to coagulate, then centrifuged and the serum 

withdrawn and frozen until the time of assay. During this study 

period, subjects were encouraged to refrain from excessive fluid dr 

alcohol intake and strenuous exercise so as not to alter baseline . 

phenobarbital excretion.

Urine collections were made for the first 96 hours. The
first collection was made during the 0-8 hour period after a void, at
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the. start of the infusion. The second collection was during the 8-12 

hour, period and thereafter at 12 hour intervals. A pH meter or 

nitrazine paper was used to determine urine pH after each collection- ; 

Urine volumes and pHT s were.recorded over each interval and aliquots 

: saved and frozen for analysis of phenbbarbitai.concentration« ...■''.Multiplb'.y- 
voids during an interval were pooled and a urine aliquot was retained 
for analysis o , , ■

In the alkaline diuresis portion-of the investigation5 the 

same intravenous dose of sodium phenobarbital was administered over 

30 minutes via a heparin lock. Forty-eight.hours later a 50 mEq 
sodium bicarbonate loading dose was administered by slow intravenous 

(IoV.): push oyer five minutes. . Ah intravenous infusion of dextrose 

5% in water containing 100 mEq/L sodium bicarbonate was then started .■ 

at a rate of 500 ml/hour9 and continued for 10 to 12 hours. Venous 

pH and serum electrolyte determinations were made every four hours 

during the infusion. Blood pH*s were not allowed to go above pH 

7.55 for any subject. Blood samples were taken at the same times 

as in the control period and also were collected immediately prior f 

to the sodium bicarbonate infusion* at hourly intervals for the 
duration of the infusion* and every two hours after the infusion 

for six. hours.

Urine collections were made at the same times as in the 

control period and also at hourly intervals during the sodium : 

bicarbonate infusion* at two hour intervals after the infusion for 
six hours and then at 12 hour intervals until 72 hours after the 

sodium bicarbonate infusion. Urine pH was determined.on all samples.
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The bioavailability portion of the study involved a single 

. oral dose of . phenobarb.ital> The dose was exactly the same as that 

received in the other two studies and was taken, with approximately 
6 ounces of water. Subjects were required, to fast for 12 hours before 
the dose and 4 hours after the dose. Blood samples were obtained 
prior to the dose and at the following times after the dose:. 0.25,

V ;0.50, 1, 2V 3, 4, 5, 6, 8, 12, 24, 48, and 72 and at 4, 6, 8, 10,
12, 14, and .21 days. Samples during the first 24 hours were obtained 

. via a heparin lock and thereafter by venous puncture. No urine 

collections were made during this portion of the study.

Bhenobarbifal concentrations in serum and urine were determined 
by high pressure liquid chromatography (DuPont Model 848) equipped 

with a CLCG-1 guard column, a DuPont CLC-2 (C-8) reverse phase column, 

and a variable wavelength detector set at 250 nm. For serum samples 

„ 40% acetonitfile in phosphate buffer (0.0024M KHgPO^, 0.00072M

m-phosphoric acid, pH 4.4). at a flow rate of approximately 1.5 ml/min 

was used as mobile phase. For urine samples 30% acetonitrile in 
phosphate buffer at a flow rate of approximately 1.5 ml/min was used 

as mobile phase. One milliliter of serum or urine was pipetted into 

a concical centrifuge tube followed with one milliliter of extraction 

buffer (0. 5M sodium acetate, 0.5M acetic acid, pH 4.8) containing 

20 mcg/ml hexobarbital (internal standard). Seven milliliters of chol- 

oform was added, shaken for 10 minutes and centrifuged for 10 minutes.

• The aqueous layer was then discarded, 5 ml of the organic phase 

was transferred to a 13 x 100 mm disposable tube and evaporated to
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dryness at 60 C -under - nitrogen. The residue: in the.bottom of the. tube 
was reconstituted with 50 \iL of mobile phase, vortexed and 25 ]iL of 
this solution was injected into the high pressure • liquid chromatograph. 
;Pheriobarbital serum and urine concentrations .were obtained from a 

serum or urine standard'curve using the phehobarbital to hexobarbital 

peak-height ratios. This assay is specific for phenobarbital and 

linear.in serum and urine from 0.5 to 20. mg/L. In serum, the percent 

coefficients of variation for 10 mg/L, 5.0 mg/L and 1.0 mg/L 

standard were 6.0, 5.1, arid 7.2, respectively (n=9). In urine, the 

percent coefficients of variation for a 10 mg/L, 5.0 mg/L and 1.0 mg/L 

standard were. 6.5, 6.2, and 9.2, respectively (n=6).

. Data Analysis 
The plasma concentration (C) versus time (t) data was fitted 

using the nonlinear regression analys is pro gram NONLIN (Met zler 19 69)

and the weight of to the general equation
' C2 : . -  ‘ - v

where Ai is a coefficient, aj_ is a disposition rate constant and n 
is the number of exponents needed to describe the concentration 

versus time data. The appropriate number of exponents required to 

fit the data were:selected using an. F Test (Boxeribaum, et a!. .

. 1974). From these coefficients and disposition rate constants the 
following pharmacokinetic parameters were determined: half-life
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(tl/2) » "total body clearance (Clg), volume of distribution (V^), and
renal'clearance (Cl^y i. e., .

tl/2 = 0-693/an (2)

Cls - D=seZ| A ./ai . <3)
i-1 •

Vd = Clg/On -3 (4)

toXu+Glr = • tl (5)

a

AUCt2

' ^  -■ • t1 '
In the determination of renal clearance a n d : A D C a r e  the
amount of drug eliminated in the urine and.area under the plasma

concentration time curve, respectively5 during the same collection

interval.

The total area under the serum phenobarbitai concentration 

versus time curve (AUG) for the intravenous dose was determined 

using the computer-derived estimates and equation 6:

n
ADC = Z Ai/ai 

Y i=l
(6)
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For oral phenobarbital the terminal disposition rate constant 

was -determined by log-linear regression of the serum.concentrations 

from 24 hours to 21 days» The AUC for the oral phenobarbital dose 
was determined using the trapezoidal rule for data points up to 

24 hours. - The area from 24. hours to infinity was determined by 

.dividing the estimated phenobarbital serum concentration at 24 hours 

by Ohs i, e, 5 C24/otn b The total AUC for the oral dose was calculated 
by adding these two' areas. The maximum serum phenobarbital concen

tration (%&%) and the time required to achieve C ^ x  (tmax) were 

determined graphically from actual data points.

Absolute bioavailability (F) was determined by equation 7:

F = AUCoral . ■ (7)
AUCI.V.

Absolute bioavailability was also corrected for apparent changes in 

half-life by equation 8 (Wagner 1975):

.  M C o r a i )  (c ,n o r a i )  ;

(AUCi . v > : to„  I . v .1 - (8)

The influence of alkaline diuresis on phenobarbital elimina- 

; tion was assessed by five methods. These methods utilize changes 

in total body clearance, renal clearance, the amount of phenobarbital 

excreted in the urine, and the fraction of total body phenobarbital 

.eliminated. NThe first method examined the increase in total body



clearance (Cls) due to alkaline diuresis with the assumption that 
noh-renal clearance (C remained cons tant during the control phase ,
and the alkaline diuresis phase of the study. Subjects■ Cl was 

calculated from, the equation

Cl = Cl - Cl (9)nr s r

where Cl and renal clearance (Cl^) were individual subject values 

from the control portion of the study. Total body clearance for 

alkaline diuresis (Cls) was then calculated utilizing the following 

relationship:

YGls = C V  + Cl (10)

where Cl̂ . is the renal clearance measured during alkaline diuresis. 

The efficiency of alkaline diuresis was estimated by equation 11: .

. - ■- ; . . t ■ •
%.Efficiency = C1s C1srnn (11)

: ■ : C 1 a  : .

The second, method examined changes in phenobarbital renal 

clearance during the ten hours of alkaline diuresis (Cl ) as compared 
to control phehobarbital fenal clearance (Cl^). The efficiency of 

alkaline diuresis as measured by changes in renal clearance was 

estimated by
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% Efficiency = C1r nn (12)

— 51 100 ' '. ' ■. . ■ ' .' '■ r . : ■ ■: / . - .

In addition to estimating the efficiency of alkaline diuresis from 
the changes in phenobarbital renal clearance, plots of urine pH 
and urine flow versus phenobarb ital renal clearance were constructed.

The third method compared the amount of phenobarbital 
excreted in the urine during the ten hours of alkaline diuresis 

treatment to the amount of phenobarbital eliminated in the similar 

time period during the control dose. Since the amount of drug 

excreted in the urine is dependent on the concentration of drug in 

serum, the initial serum concentrations of the two collection inter
vals were compared by a paired t-testC The efficiency of alkaline 

diuresis was.estimated by the equation

‘ : ' _  . .

% Efficiency = ^u XuV^^ (13)
X 100 . u

where X was the amount of phenobarbital eliminated in the urine

during the ten hours of alkaline diuresis and X was the amount of
; ■ _ ; -■ . ■ u v  , 

phenobarbital eliminated during the similar period in the control

dose.

The fourth method estimates the fraction of total body

:phenobarbital eliminated during alkaline diuresis. The amount of

phenobarbital eliminated in the urine due to alkaline diuresis (X )u
can be estimated by the difference between X and X i.e.u u .



where :X and X • are as defined above, . "Assuming phenobarbitalV s 

volume ;of distribution to remain constant over the two treatments, 

the fraction of total body phenobarbital removed by alkaline diuresis 

(^AD was then estimated by the relationship

' - ‘ IT ;

. . .  : f A D - S l —  <15)

where is the phenobarbital serum.concentration at the initiation
of alkaline diuresis and V , is the volume of distribution for eacha
subject.as measured during the. control dose.

The fifth and final method also estimates the fraction of 
total body phenobarbital removed from the body by alkaline diuresis» 

However, this method assumes that both.phenobarbital non-renal 

clearance and volume of distribution remain constant over the treat

ment periods , An elimination rate constant for control elimination 
(K^) and for alkaline diuresis (K^) may be calculated by equations 

16 and 17, respectively.



The fraction of total body phenobarbital removed by alkaline diuresis 
(f^) may then be estimated. by equation 18 (Gwilt and Perrier 1975) .

V  fM) = .. Kc ' KAD . (1 - e ^ )  (18)
■ ' - - - -  ^ ■ ■ ■■'■■■■ : ■: . :■ .

: : v V - . ' ; c  '■ . : : - ; ; .

Then the amount of phenobarbital removed by alkaline diuresis was 

estimated by multiplying :times the amount of drug in the body

prior to alkaline diuresis 9 C r *Vd,



CHAPTER 4

. RESULTS

. Individual subj ect serum phenobarbital concentration versus 
time data are found in Appendix A, urine phenobarbital data are 

found in Appendix B, serum electrolyte and pH values are found in 

Appendix C , and computer fit data for the Serum concentration versus 

time plots are found in Appendix D* As shown in Table 1, the average 

age for the six subjects was 31 years (range 24 to 44 years), the 

average weight was 82 kg. (range 70 to 105 kg) and the average pheno

barbital dose was 2.9 mg/kg (range 2.6 to 3.1 mg/kg).

TABLE:1. Summary of subject 
phenobarbital dose

age.(years), weight 
(mg/kg).

(kilograms) and

Subject Age.. ' ■ Weight . Phenobarbital dose

1 44 77 3.1

2 ■ 32 8.8 2.7

3 26 70 2.6

. ■ 4 ;: 33 . :
■ 11:- 3.1

.■■■■- 5 : 24 3.1
6 27. 105 2.9

Mean .. . 31 82 ; . V ■ 2.9

33



• Phenobarbital Disposition
Phenobarbital pharmacokinetic and bioavailability data for

this investigation are listed in Table 2. Phenobarbital serum

concentration versus time plots for the intravenous and oral doses

are seen in Figure 1. The maximum phenobarbital serum concentration

of 5.5 + 0.8 mg/L (mean >  standard deviation) was achieved 2.3 + 1.5

hours after administration of the phenobarbital tablets. Absolute

bioavailability (F) was 84 + 16% and increased to 95 + 13% when

corrected for differences in half-life (F*). After intravenous
phenobarbital, the data were fit to a biexponential equation in five

subjects and a monoexponential equation in„subject 5. PhenobarbitalTs

apparent volume of distribution was 0.60+0.04 L/Kg. In the five

subjects fit to a biexponential equation the elimination rate constant
. -1associated with the distributive phase (a) was 3.8 + 3.6 hr which 

represents an average half-life of 0.18 hour. For the intravenous

data the elimination rate constant associated with the terminal
. '' ‘ ' ' -i : •phase (6) was 0.0050 +0.009 hr which represents an elimination

half-life of 138.6 hours. After the oral dose the elimination rate

constant associated with the terminal phase was 0.0057 + 0.0011 hr

which represents an elimination half-life of 121.6 hours.

Phenobarbital total body clearance and renal clearance were

3.0 + 0.7 ml/hr/kg and 0.8 + 0.5 ml/hr/kg, respectively. Therefore,

renal clearance accounted for approximately 25% of total body clearance..

Non-renal clearance (Cl ), which is equal to the difference betweennr
- total body clearance and renal clearance, was 2.2 +0.3 ml/hr/kg.



TABLE 2. Individual kinetic parameters for phenobarbital administered intravenously and orally.

Subject

INTRAVENOUS DATA ORAL DATA
.. 6 
(hr-1)

Cls
(ml/hr/kg)

Clr
(ml/hr/kg)

Vd
(L/kg)

13

(hr"1)

tmax
(hr)

Cmax
(mg/L)

F

(%)

. p* 

(%)

1 0.0040 2.1 0.4 0.53 0.0045 4.3 4.9 71.9 81.0

2 0.0042 2-5 0.3 0.58 0.0054 3.1 5.8 66.4 84.6

■ 3 0.0055 / 3.5 ' ' 1.5- ; 0.64 0.0058 0.5 5.8 101.0 106.5

4 0.0048 3.0 0.7 0.62 0.0060 0.8 6.S- 90.1 111.9

5 0.0065 3.9 1.2 0.60 0.0076 3.0 4.6 71.0 83.7

6 0.0050 3.0 0.6 0.60 10.0051 2.0 '5.1 100.1 101.9

Mean 0.0050 3.0 0.8 0.60 0.0057 2.3 5.5 84 95

S.D. 0.0009 0.7 0.5 0.04 0.0011 1.5 0.8 16 13

%
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Figure 1. Phenobarbital serum concentration versus time plots 
for the intravenous (o) and oral (•) doses.



Table 3 shows phenobarbital elimination half-lives for each 
subject over the three treatment periods. The half-lives for 
periods 1, 2, and. 3 were. 136 + 39, 124 + 23, - and 141+ 34 hours, 
respectively. Half-lives during the intravenous control and oral 

doses were calculated from the terminal elimination rate constants 

while the half-life during the alkaline diuresis.dose was calculated 

from the terminal elimination rate constant after the effect of 

alkaline diuresis had ended. The half-lives in periods 1, 2, and 3 

were not significantly different. Half-lives for the intravenous, 

oral and alkaline diuresis doses were also not significantly different 

and no treatment sequence effect was seen.

TABLE 3. Individual half-life variation for each subject over the 
three treatment periods.

Subject Period 1* Period 2*: Period 3* Sequence**

1 173 154 178 IVC, PO, AD

2 165 . 144 128 IVC, AD, PO

3 . " 120 126 , 198 PO, IVC, AD

4 133 ' 116 V 144/ AD, PO, IVC

5 91 91 107: PO, AD, IVC

6 198 139 136 AD, IVC, PO

Mean*** 136 ; 124 141

* Values represent■half-life in hours

** Key: IVC - Intravenous control dose
AD - Alkaline diuresis dose 
PO - Oral dose :

***Mean half-lives derived from mean 8 values.
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Effect of•Alkaline Diuresis 

Phenobarbital serum' concentration versus time plots for the 

alkaline diuresis dose are shown in Figure 2. During alkaline 
diuresis serum phenobarbital levels fluctuated in most subjects, 
however they stabilized after alkaline diuresis. The solid line after 
alkaline diuresis represents a linear regression best fit of all: 

points after 72 hours.

. Method 1 (Table 4) estimated changes in total body clearance 

of phenobarbital by assuming non-renal clearance5 as measured in the 

control dose? remained constant during the alkaline diuresis dose. 
Control total body clearance averaged 3.0-+ 0.7 ml/min/kg while 

total body clearance during alkaline diuresis was estimated at 

7. 3 + ;2o 4 ml/min/kg. This increase was statistically significant 

(p < .05) and represented an efficiency estimate of 141.8 + 44/5%. v 

for the alkaline diuresis treatment.

The second method, as shown in Table 5, measured changes in 

phenobarbital renal clearance for control elimination and alkaline 

diuresis elimination. -Renal clearance during alkaline diuresis 9 

6. 2 + 2.1 ml/min.? was increased signif icantly (p < . 05) over control 

renal clearance of 1.2 + 0.6 ml/min. However, renal clearance 

measurements during pre- and post-alkaline diuresis did not differ 

significantly from control renal clearance* This relationship is 

depicted graphically in Figure 3.• The efficiency estimate for this 

change in renal clearance due to alkaline diuresis averaged 501.2 + 

186.5%.
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- TABLE 4.. Summary of total body clearance (ml/hr/kg) during the ten 

hours of alkaline diuresis (Gig), and during the similar 
• time period of the control dose (Cls).

Subj ect Cls Cl' . . : % Efficiency.

. 1-:' 2.1 : 5.2 147.6
li  ̂ 2.5 5.2 108.0

3 : ■ 3.5 . 10.3 194.3

4 . 3.0 8.5 183.3

- . 5' . - 3.9 9.4 141.0
. -6 3.0 - ; 5.3 76.7

Mean* 3.0 7.3 141.8

SD . 0.7 2.4 44.5

* significantly different (p < »05)
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TABLE 5. Summary of renal clearance 
of alkaline diuresis (Clf)

(inl/min) during 
and the control

the ten hours 
dose (Clr).

Subject clr G1r . % Efficiency

1 0.6 4-2 600
2 0.5 4.0 700

3 2.0 9.0 350

4 0.9 7.2 700

5 '- I.? - 7.9 365

6 1.2 4.7 292

Mean*. ; 1.2 ■ 6.2 501.2

S.D. 0.6 2.1 186.5

* significantly different (p < .05)
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TREATMENT 
A Control
B4 Pre-Alkaline Diuness 
B-2AJkaline Diuresis 
B-3Fbst-Alkaline Diuresis10.0

50

8-3B-2A

TREATMENT

Figure 3. Phenobarbital renal clearance for each subject during 
the control phase and the three phases of alkaline 
diuresis.



43

The relationship between phenobarbital renal clearance and 

urine flow is shown for all six subjects in Figure 4. The equation 

that describes this-relationship for the 207 data - points has a slope 
of 0,82 and a y-intercept of 0.84; Individual subject slopes, 
intercepts and correlation coefficients for renal clearance and 

urine flow are shown in Table 6. Urine pH in the six subjects ranged 

from 5.0 to 7.8 during these collection intervals. Although the 

overall correlation coefficient was 0.79009 individual coefficients 

ranged from 0.7610 to 0.9305, with a mean of 0.8615.

The effect of urine pH on phenobarbital renal clearance was 

also examined as shown in Table 7. Since phenobarbital has a pKa 

of 7.2 5 renal clearances were compared when urine pH was above the 
pKa and when urine pH was.below the pKa. Renal clearance of pheno

barbital .averaged 1>2 + 0.4 ml/min when urine pH was below 7.2. 

However phenobarbital renal clearance averaged 6.0 +2.3 ml/min 

when urine pH was above 7.2. These clearance values were signifi

cantly different (p < .05). In addition, Figure 5 shows the overall 

relationship between urine pH and phenobarbital renal clearance for 

all six subjects. .
As shown in Table 8, the third method compared the amount of 

phenobarbital excreted in the urine during the.ten hours of alkaline 

diuresis, 16.3 + 4.7 mg, to the amount excreted in the urine during . 

a similar period of the control dose, 4.3 + 1.8 mg. Initial serum 

phenobarbital concentrations were.not significantly, different for 
the two collection intervals. The efficiency ratio for alkaline •
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y=0J&2x«-Q84 
r =0.7900 n = 207

URINE FLCW RATE(ml/m'n)

Figure 4. Phenobarbital renal clearance versus urine flow rate for the 
six subjects in the investigations.
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TABLE 6. Summary of y-intercept, slope and correlation;coefficients 
for the relationship of phenobarbital renal clearance to 
urine flow.

Subject y-intercept slope correlation coefficient

' i . ; v 0.66 ;; 0.57 : 0.9118

2 0.51 0.61 0.7895

3 . 1.51 1.20 . 0.7610

4 V;' 0.24 1.06 : 0.9049

5 1.17 0.79 0.9305

6 0.89 0.63 0.8713

Mean 0.83 0.81 0.8615

S.D. V 0.46 0.26 0.0701

TOTAL DATA
■FIT- ; y 0.84 V : 0.82 " 0.7900
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TABLE 7. Renal clearance (ml/min) as a function of urine pH.

Subject Urine pH above 7^2 Urine pH below 7.2

; 1 ' '.-'./Vj ' 4.1 ; ; : 0"7 : '

2 3.6 • 1.1

3 9.5 1.7
4 . 6.1 0.8

5 y : .. 7.6 ' ' 1.7

6 4.8 : 1.1
Mean* 6.0 . 1.2

S.D. 2.3 0.4 ;

‘̂statistically significant p < .05
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1 o 4 a
2 •
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1 .0-- A*

8.07.0 7.55.5 6.0 6.55.04.5

5 *  

3 *

3 *  

3 *

Urine pH

* Numbers represent points with multiple data.

Figure 5. Renal clearance versus urine pH.
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TABLE 8. Summary of the amount of phenobarbital excreted in the 
: urine (mg) during the ten hours of alkaline diuresis 
(X^) and the similar time period during the control dose

; (Xu). ■ ’ V ■/;: ':v  , - ' . V ;; : . :

Subject Xu Xy % Efficiency

1 2.8 14.2 407.1
■ 2 1.8 ; 9.4 ' 422.2

3 . 5.8 19.6 237.9
4 , . 4.2 20.7 392.9

5 6.6 . 20.7 216.6

6 4.7 13.4 / ::'v 185,1

Mean 4.3 16.3 310.3 >
S.D. 1.8 4,7 108.1
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diuresis as measured by the amount of phenobarbital excreted in the 
urine was 310« 3 + 108 ,1%..

• From the measurements of the;amount of phenobarbitai excreted 

in the urine, method 4 estimated a fraction of total body phenobarbi- 

. tal eliminated due to alkaline diuresis„ As shown in Table 9, 12,1 + 

3,5 mg.was eliminated from the body due to alkaline diuresis, This 

represented a fraction of 0,074 + 0,025 or 7,4% of the.total amount 
of phenobarbital in the body prior to alkaline diuresis.

Although method 5 (Table 10) assumed constant non-renal 

clearance and volume of distribution, the estimate of the fraction 

of total body phenobarbital removed due to alkaline diuresis was 

.0,072 + 0.025, From . this fraction, the total amount of phenobarbital 
excreted during alkaline diuresis was estimated. The estimate of 

11.6+3.1 mg supports the estimate obtained from method 4.

Discussion

Phenobarbital absorption rate may depend on various factors 

such as the preparation, the chemical form of the drug, gastric 

emptying time and intestinal motility. The rate of phenobarbital ' 
absorption in this investigation was similar to absorption rates 

reported in previous studies. Viswanthan et al. (1979) found peak 

drug levels at approximately two hours after ingestion of one 30 mg 

phenobarbital tablet (Phillips Roxane, Inc.). Neuvonen and Eldnen 

V (1980) reported peak drug .levels two to three hours after ingestion 
of two 100 mg. phenobarbital tablets (Barbiphenyl, Orion Ltd.),
In contrast, Lous (1954) found peak serum phenobarbital levels 6 to



TABLE 9. Estimate of total body phenobarbetal removed during the
■ten hours of alkaline diuresis-as estimated from method 4. ,

Subject X*u
(mg)

Cp Vd** . 
(mg) ■fAD***

1 11.4 177.1 0.064
• 2 - 7.6 149.6 0.051

' 3 : ' 13.8 . 133.0 0.104

4 ' 16.5 169.4 0.097

5 14.1 169.4 0.083

6 : 8. 7 - V 199.5 0.044

Mean 12.1 166.1 0.074

S.D. 3.5 : 22.9 0.025

* amount eliminated in the urine due to alkaline diuresis

** amount of drug in body prior to alkaline diuresis

*** fraction of total body phenobarbital removed during alkaline 
diuresis
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TABLE 10o Estimate of total body phenobarbital removed during the 
ten hours of alkaline diuresis as estimated by method 5.

Subject X8
(mg) : v :

f ■ ***AD

1 9.9 177.1 0.056
: 2 6.4 149.6 0.043

3 15.4 - 133.0 0.116

4 ' 13.2 . 169.4 0.078

5 12.7 169.4 0.075
6 12.2 199.5 0.061

Mean 11.6 166.1 0.072

S.D. 3.1 V  22.9 0.025

* amount eliminated in the urine due to alkaline diuresis

amount of drug in the body prior to alkaline diuresis
. *** fraction of total body phenobarbital removed during alkaline 

diuresis
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18 hours after administration of 750 mg» phenobarbital powder in 
500 ml. water. He.attributes the slow absorption rate to the large 
dose and the poor solubility of the drug. Absorption rates for other 
brands of phenobarbital have not been reported in the literature.

The amount of phenobarbital absorbed from tablets relative 

to an intravenous dose has hot been extensively reported in the 

literature. The absolute bioavailability estimates in this investiga

tion were in agreement with the only report of absolute bioavailability 

in the. literature. Martin et al. (1979) reported 100% bioavailability 

of an unspecified brand of phenobarbital tablets in two patients.
These patients were given phenobarbital tablets after an intravenous 

phenobarbital infusion as treatment for hypnoseda.tive withdrawal. 

Relative bioavailability has also been reported for phenobarbital 

tablets. (Phillips Roxahe, Inc.) as compared to intramuscular 

. phenobarbital (Viswanthan et al* 1978). Intramuscular availability 

of phenobarbital was found to be 82% of an equivalent oral pheno

barbital dose. With these reports in the literature it is difficult 

to assess the bioavailability problems that may exist for pheno

barbital. Only after investigations on more of the over 65 brands 

of phenobarbital will the problem, or lack of a problem, become clear.

In this investigation the bioavailability .values were 

corrected for apparent differences in half-lives between the oral 

and Intravenous doses. At a given drug dose, when half-life decreases 

there is a corresponding decrease in total area under the serum 

concentration time curve (AUG). Since the mean half-life for the
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oral dose was 122 hours, the AUC for the oral dose would be decreased 
due to a difference in half-life.rather than a difference in the 

amount of drug absorbed. In this case the correction was not 

critical because.84% of the drug was estimated to be absorbed even 

without the correction.

With this apparent half-life change between the oral and 

intravenous dose the question of autoinduction of phenobarbital. 

metabolism was raised. Although phenobarbital is metabolized by 

microsomal enzymes in the liver and is a known inducer of this 

enzyme system (MacDonald et al. 1969), it has never been shown to 

induce its own metabolism. ■ In this investigation no trend toward 

decreased drug half-life was apparent (Table 3). This is in agree

ment with a report from Viswanthan et al. (1979) who examined auto

induction in three healthy male volunteers given phenobarbital 

for 21 days. At the end of this treatment no evidence of auto- 
induction was found as judged by drug half-lives and urine 

:phenobarbital metabolite patterns.
The distribution of phenobarbital to body tissues appears 

to take place rapidly with a mean half-life of the a phase of only 

0.2 hour and a total duration of the distributive phase of less than

2.0 hours. The apparent volume of the distribution for phenobarbital 

reported in this investigation is in agreement with the only 

intravenous estimate of phenobarbital volume of distribution in the 

adult literature. Martin et al. (1979) reported a volume of distri

bution of 0.56 L/kg in six patients given intravenous phenobarbital
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for hypnosedative withdrawal. Other reports of. phenobarbital? s 

volume of distribution are based on animal studies or oral doses 

where absorption is assumed to be complete. In these latter studies 

the volume was found, to be 60 to 75% of body weight (Butler et al.

1954: Svensmark and Buchtai 1963).
Since phenobarbital is a weak acid with a pka of 7.2 it is 

subject to changes in ionization and therefore distribution with 

: changes in physiologic pH. This can be explained in terms of membrane 

permeability of the ionized species of the drug.(Waddell and Butler 

1957). When blood pH is altered by inhalation of carbon dioxide 
producing a more acidic blood pH, or by injection of sodium bicarbon
ate producing a more alkaline pHs a change in phenobarbital distribution \ 

has been demonstrated.. However, when Waddell and Butler (1957) 

.demonstrated these changes in volume of distribution of phenobarbital“ 

in dogs, they obtained significantly larger blood pH changes than 

were observed in this investigation. When sodium bicarbonate was 

given intravenously to the dogs blood pH went from baseline values 

of approximately pH 7.27 to values of pH 7.70, a difference of over 

0.4 pH units. In the present investigation, blood pH values went from 

baseline values of approximately pH 7.40 to values of pH 7.47 and 

never exceeded a difference of 0.1 pH units from baseline values.

Changes in serum phenobarbital concentration due to changes in the 

volume of distribution of phenobarbital from these pH changes would 

be expected to be minimal. Therefore, the volume of distribution of 

phenobarbital was assumed to be a constant over the treatment 

intervals.
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Phenobarbital elimination occurs primarily by two routes, 

metabolism by hepatic microsomal enzymes or renal excretion of 
unchanged drug. In the liver the two major metabolites are 

p-hydrpxyphenobarbital (PHPB.) and conjugated PHPB which account for 
approximately 10 to 40% of penobarbital excreted in the urine (Whyte 

. and DeKaben 1977; Kallberg et al. 1975). Elimination of pheno

barbital by the kidneys is believed to occur by the glomerular 

filtration of unbound drug with passive reabsorption of unionized 

drug in the renal tubule (Waddell and Butler 1957). After glomerular 
filtration, reabsorption of water takes place and a large concentra

tion gradient is established between free drug in plasma and 
. unionized drug in the renal tubules resulting in significant 

reabsorption of drug from the renal tubule back into the blood supply. ;

.. In this investigation increased urine flow was observed to increase 

phenobarbital renal clearance by decreasing this concentration 

gradient. An increase in flow from 0.5 to 7.0 ml/min.produced an 
increase in renal clearance 1.2 to 6.7 ml/min. This finding is in 
agreement with previous reports of increased renal clearance of 

phenobarbital with increased urine flow (Whyte and DeKaben 1977;

Waddell and Butler 1957; Lassen 1960). Lassen (1960) observed that 

as renal flow increased from 5 to 25 ml/min phenobarbital renal 

clearance had a corresponding increase from 5 to. 20 ml/min. Waddell 

and'Butler (1957) observed that after one liter of water, which 

increased urine flow in two subjects from 0.8 to 9.0 ml/min, pheno
barbital renal clearance increased from 2,5 to 7.5 ml/min. Urine
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pH was 6.6 during this investigation, compared to the 6.4 to 7.5 
pH range in Lassen1s study.

The pH in the tubule is also an important determinant of 
phenobarbital renal clearance. This effect is based on the 

assumption that the renal tubule is permeable to only the unionized 

form of the drug and that urine pH approximates tubular pH at or 
near the site of reabsorption (Waddell and Butler 1957). If 
equilibrium were established between tubular :fluid of pH 7.9 and 
plasma of pH 7.4, the concentration of Ionized drug in the tubule 
would be approximately twice the.concentration of ionized drug 

in the plasma. In this investigation renal clearance of phenobarbital 

increased from 1.2 ml/min when urine pH was below 7.2 to 6.0 ml/min 

when urine pH was above 7.2. No attempt was made to control urine 

flow over the collection intervals. This finding is in agreement 

with previous investigations that reported increased renal clearance 

of phenobarbital with increased urine pH (Lassen 1960; Waddell 
and Butler 1957). Waddell and Butler (1957) found that renal 

clearance of phenobarbital increased from a baseline value of

2.0 ml/min to as high as 29.0 ml/min after intravenous sodium 

bicarbonate was utilized to obtain a urine pH of 8.0.

From the data in the present investigation it is difficult 

to assess the individual contributions of flow and pH on renal 

clearance since both were increased by alkaline diuresis. This 

increase in flow and pH resulted in a pronounced effect of alkaline 

diuresis on phenobarbital renal clearance. In the control portion



of the study renal clearance accounted for 25% of total body 

clearance. However9 during alkaline diuresis. renal clearance 

accounted for.70% of total body clearance. During alkaline diuresis 
treatment total body clearance increased by 141.8%. Both these 
ratios assume that non-renal clearance of phehobarbital was constant 

over the two treatment intervals. Non-renal clearance of phenobarbi- 
tal is primarily by metabolism in the liver. In general, hepatic 

drug clearance is dependent on liver blood flow and the intrinsic 

metabolic capacity of the liver to clear a given drug (Biaschke 

1977)  ̂ For phenobarbital, non-renal clearance is sufficiently low 

such that it should not be affected by liver blood flow. Therefore, 

the rate of phenobarbital metabolism is dependent on the intrinsic 

ability of the liver to handle the drug. Although all the factors 
that directly determine intrinsic clearance are not known 9 it is 

assumed that none of the interventions in this investigation had a 

significant effect on intrinsic phenobarbital clearance.

Five methods were used to estimate the efficiency of alkaline 

diuresis in terms of its ability to remove phenobarbital from the 
body. The first two methods estimated changes in total body clear

ance and renal clearance during alkaline diuresis. In the estimate 

• of total body clearance it was assumed that non-renal clearance, 
measured during the control dose, remained constant for the alkaline 

diuresis dose. Therefore, any increase in total body clearance 

was assumed to be due to a change in renal clearance. During alkaline 

diuresis there was a 5-fold increase in renal clearance arid a
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resultant 2-fold increase In total body clearance. Although these 
increases were statistically significant they do not appear to 
represent a clinically .significant■increase in phenobarbital 
clearanceo The amount of phenobarbital excreted in the urine was 
the basis for the third. method of assessing alkaline diuresis 

efficiency. There was a 3-fold increase in phenobarbital elimina

tion due to alkaline diuresis but this is only a small portion of 

total drug in the body. The final two methods estimated only 12,1 mg 

and 11.6 mg of phenobarbital were excreted due to alkaline diuresis 
which represented only 7% of total phenobarbital in the body prior 

to alkaline diuresis.
These data help . to further define the role of alkaline 

diuresis in the treatment of phenobarbital overdoses. All methods 

indicated . that the change ; in total body phenobarbital du<e to 

alkaline diuresis was - not clinically significant. Hemodialysis 

and hemop erfus ion are clearly superior to alkaline diuresis in the 

removal of phenobarbital from intoxicated patients (Berman et al.

1956; Linton et al. 1964; Widdop et al. 1975; Wolff and Smit 1980).
In a direct comparison of charcoal hemqperfusion and alkaline 

diuresis Wolff and Smit (1980) found phenobarbital clearances 

during hemoperfusion to be 5 to 10 times greater than phenobarbital 

clearances during alkaline diuresis. This represented between 1130 mg 

and 2130 mg of phenobarbital recovered during 4.5 to 9.0 hours of 

treatment which is. significantly greater than that eliminated as a 
result of alkaline diuresis. Multiple doses of activated charcoal



• 7' .: ■ _■ ■ 59

have also been shown to increase phenobarbital clearance (Neuvonen 
and Elonen 1980)» It was observed in this investigation that if 
activated charcoal was given in large, repeated doses phenob arb i tal 

elimination was increased five-fold. The phenobarbital half-life 

was reduced from a control Value of 100 hours to 20 hours by this 
method. v-

It is difficult to recommend a single treatment modality 
a priori for a phenobarbital intoxication. Such recommendations 

would be based in part on the initial serum phenobarbital concentra
tion, stage and projected duration of coma, patient specific factors 

such as underlying.disease states, cardiac, renal and;hepatic 

function as well as,the success of supportive measures in stablizing 

the patient. Myschetzky and Lassen (1963) recommend a minimum 

phenobarbital serum concentration of 150 mg/L before initiating 

alkaline diuresis. At this serum phenobarbital concentration the 
duration of coma generally requiring respiratory support in treated 

patients ranged from 24 to 73 hours in two series of patients.,

(Lassen 1960; Linton et al. 1964). In addition, Myschetsky and 

Lassen (1960) found that alkaline diuresis reduced the duration of . 

coma after phenobarbital intoxication by a factor of almost one-third, 

which projects the duration of coma in untreated patients ranging 

from 32 to 96 hours. Phenobarbital half-life in these patients 
averaged 40 hours during alkaline diuresis and 75. hours during control 

elimination.
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The complications of prolonged episodes of assisted 

ventilation have been well, documented (Zwillich et al. 1974).

Goodman et al. (1976) found that 96% of patients endotracheally 

intubated for phenobarbital intoxication developed pneumonia. The 
duration of coma as well as the state of coma correlated with the 
presence of pneumonia in these patients. In severely intoxicated 
patients pneumonia was almost a certainty within 24 to 48 hours, 

especially if aspiration had occurred. In addition, patients with 

phenobarbital serum levels less than 80 mg/L generally did not : 

require respiratory support.

Finally, at what phenobarbital serum concentrations is it 

appropriate to recommend the initiation of alkaline diuresis? It 

would appear that patients with serum phenobarbital concentrations 
in the 100 mg/L to 160 mg/L range would benefit most from the use 

of alkaline diuresis. These patients could undergo 24 to 36 hours 

of alkaline diuresis and the resulting serum phenobarbital concentra

tion would be less than the 80 mg/L concentration which appears to 
be.associated with coma and the possible need for respiratory 

support. If awakening or, the onset of spontaneous respirations 

were to be the endpoint of therapy, the treatment may be even shorter 

than 24 to 36 hours. Patients with serum phenobarbital concentra

tions above 160 mg/L would appear to be better treated, by more 

efficient removal of phenobarbital by hemoperfusion or hemodialysis. 

However, any compromise in patient cardiac, renal or hepatic function 

severely limits the chance for an uncomplicated episode of alkaline
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diuresis* In these patients alkaline diuresis may actually increase 

the chance of complications such as cardiac instability or pulmonary 
edema. ' ^ ''



CHAPTER 5

SUMMARY AND RECOMMENDATIONS 

Summary

The purpose of this investigation was to describe the intra

venous pharmacokinetics of phenobarbital, to report an absolute 

bioavailability value for one brand of phenobarbital tablet and 
to describe the effect of alkaline diuresis on phenobarbital 
eliminationo Six healthy adult subjects were given three doses 

of phenobarbital: 1) an intravenous control dose5.2) an intravenous
dose with alkaline diuresis and 3) an oral dose. Treatment sequences 

were randomized over the six subjects. During the control dose serum 

phenobarbital levels were followed for 21 days and urine was 

collected for four days. Following the alkaline diuresis dose 

drug levels fell undisturbed for two days then alkaline diuresis 3 
100 mEq sodium bicarbonate per liter of 5% dextrose in water at a 

rate of 500 ml/hr9 was carried out for ten hours. Phenobarbital 

serum levels were followed for 21 days and urine, was collected for 

three days after the cessation of alkaline diuresis. During the 

oral dose serum phenobarbital levels were again followed for 21 

days without intervention. No urine was collected during this 
portion of the investigation.

Phenobarbital serum concentrations during the intravenous 

control dose were fit to a biexponential equation in five subjects
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• and to a monoexponential equation in the remaining subject. The

elimination rate constant associated with the distributive phase (a)

in these five-subjects was 3.8 +3.6 hr , which represents a half-

life of 0.18 hour. The.elimination rate constant associated with
-1the terminal phase (8) was 0.0050 jv 0.0090 hr 9 which represents an 

elimination half-life of 138.6 hours. The apparent volume of 
distribution for phenobarbital was 0.60 + 0.04 L/kgl Phenobarbital 

. total body clearance and renal clearance were 3.0 jy 0.7 ml/hr/kg and 
0.8 + 0b5 ml/hr/kgs respectively.

After phenobarbital was administered as tablets, peak serum 
phenobarbital concentrations of 5.5 4- 0.8 mg/L were attained at

2.3 +  1.5 hours. The elimination rate constant associated with the
'" - — 1terminal phase for this portion of the study was 0.0057 + 0.0011 hr 

which.represents an elimination half-life of 121.6 hours.; Absolute 

bioavailability (F) was 84 jh 16 and when corrected for differences 
in half-life (F*) increased to 95 + 13. Despite the difference 

in half-lives between the oral and intravenous doses5 no evidence 

of auto-induction of phenobarbital metabolism was found.

The effect of alkaline diuresis on phenobarbital elimination 

was also examined in this investigation. Total body clearance, 

renal clearance and the amount of phenobarbital excreted in the 

urine were all increased during alkaline diuresis. Total body 

clearance and renal clearance increased by 141.8% arid 501.2% 

respectively. The increase in phenobarbital renal clearance is 

attributed to both an increase in urine pH and urine flow rate, 
the relative contributions of which could not be determined. The



amount of phenobarbital excreted in the urine increased approximately 

300% over control elimination. However9 this represented only.

12.1 mg of total body phenobarbital as estimated by one method and 

11o 6 mg as estimated by a method used to evaluate hemodialysis , 

efficiency.
Three of the five methods involve assumptions regarding 

phenobarbitalTs volume of distribution or non-renal clearance which 
could distort the true influence of alkaline diuresis on phenobarbital 

elimination. Despite these limitations and other shortcomings of 

the investigation these data yield insight into the efficiency of 

alkaline diuresis in the treatment of phenobarbital intoxications.
It would appear that except for a few patients the risk of toxicity . 

due to the use of alkaline diuresis is too great compared to the. 
possible benefits to be gained from the use of the procedure.

• Recommendations -
Further studies regarding oral phenobarbital tablet bioavail

ability should be undertaken. It would appear that the phenobarbital 

tablets studied were rapidly and completely absorbed from the gastro

intestinal tract. However5 this represents only one brand of the 

over 65 brands of phenobarbital on the market. In vitro dissolution 

tests could be performed on the remaining phenobarbital brands and 
compared to the in vitro and in vivo data for this product.. Brands 

exhibiting marked differences in vitro could be subjected to in vivo 

. testing to determine if any bioavailability problems exist. This 
would allow for the rapid screening of many brands of phenobarbital
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tablets at a reduced cost. Without more of this type of information 

it is difficult to assess the total bioavailability picture that 
exists for phenobarbital.

Further studies are also necessary to examine the effect of 

alkaline diuresis. These studies should attempt to separate the 

relative contributions of urine flow and urine pH on changes in 

phenobarbital renal clearance, They should also closely quantitate 

any complications encountered in therapy. These studies will help 
to determine the efficiency of alkaline diuresis as compared to 

hemoper f us ionhemodialysis and multiple doses of activated charcoal. 
The effect of all.these modalities must be evaluated in patients 
with: higher serum phenobarbital concentrations to determine their 

place in the treatment of phenobarbital intoxications.
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Serum phenobarbital concentration (C) versus time (t) data for subject 
one.

Intravenous Control Alkaline Diuresis Oral
t (hr)* C (mg/i) t (hr)* C (mg/L) t (hr)* C (mg/]

Pre : /o- - Pre ;-::oV ; ;■ Pre 0

0 8.4 . 0.7 6.9 0.25 1.0

0.25 . 6.4 : l.o 6.5 0.50 1.2

0.50 6.5 • 1.9 5.3 1.0 2.8

1.0 5.7 3.0 5.3 : 1 : 2.0 4.1

2.0 5.6 4.0 4.9 . 3.1 5.4

4.0 . 5,7 ; 6,0 4.7 4.2 5.1

6.0 5.5 8,2 4.9 8.25 4.3

8.0 5.6 12.0 5.1 ■ 9.1 ' :-'I- 4.0

10.0 5.6 24.0 i : 4.7 v 12.5 4.4

14.0 5.4 36.0 4.3.** 22.75 3.5

24.0 4.7 45.9 4.4 49.0 3.2

48.0 4.4 47.2 4.0 . :c: 74.3 2.8

72.0 ; 3.8 48.2 . : 4.3 / 122.5 1.8

96.0 3.4 49.2 4.1 175.0 1.5

144.0 3.0 50.2 3.9 . 248.0 1.4

192.0 2.5 51.2 4.0 . 291.0 0.7

240.0 2.1 :: 52.2 3.8

340.75 . 1.4 53.2 3.7

388.75 1.0 54.2 3.8

508.8 0.8 55.2 3.8

— Continued
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Subject One— Continued

Intravenous Control Alkaline Diuresis Oral
t (hr)* C (mg/L) t (hr)* C (mg/L) t (hr)* C (mg/L)

' 3 - 9 :

. 60. 2 ■■ 3 - 9

_ \ . 62. 2 ■ 3. 2

V 74.2 3.6

102.7 2.7 ;

199.0 2.2

221.0 2 .0

366.0 1 .4  \  -  /  /  ' '

534.0 ; o .5  / v;'- - ' ■

* Time after.intravenous infusion

--Lines denote the time period of alkaline diuresis
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Subject Two

Intravenous Control . Alkaline Diuresis : Oral
: t (hr)*. C (mg/L) t (hr)* C (mg/L) ' t (hr)* C (mg/t)

Pre 0 Pre 0 Pre 0

0 6.1 0.33 8.4 0.25 1.0
0.25 . 5.5 0.8 . 5.0 .. 0.50 1,2
0.50 5.3 ' 1.0 4.3 1.0 2.8
1.25 5.0 2.3 . 4.1 2.0 4.1
2.0 4.8 . 4.1 : 4.0 3.1 5.4
4.0 4.9 6.2 " 4.1 4.2 5.1
6.25. 4.6 8.2 3.6 8.25 4.3
8.1 4.7 25 . 9 3.6 - 9.1 4 .0

10.1 : 4.7 33.2 3.4 12.5 4.4
12.2 4.5 • ** 22.75 3.5
14.1 ; 4.4 46.5 3.0 49.0 3.2

24.0 4.3 47.8 2.9 74.3 2.8

52.8 4.1 48.8 3.0 122.5 1.8

76.8 . 3.8 49.8 2.8 • 175.0 1.5
100.8 3.0 50.8 2.7 248.0 1.4
144.0 2. 6 51.8 3.0 291.0 0.7

194.4 2.0 52.8 :3.i
243.4 1.8 53.8 3.0

312.5 ' 1-5 54.8 ' : 2.7

341.0 ' 1.2 55.8 2.3
— Continued
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Subject Two~~C6ntinned

Intravenous Control Alkaline Diuresis Oral
t (hr).* . C (mg/L) t (hr)* C (mg/L) t (hr)* C (mg/L)

' 56.8 : 2.6
**

58.8 2.4
60.8 . 2.3

. 75.8 2.2
122.8 1.9
155.3 1.3
177.1 1.2

387.2 0.5

* Time after intravenous infusion

** Lines denote the time period of alkaline diuresis
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Subject Three

Intravenous Control Alkaline Diuresis Oral____ - '
t (hr)* C (mg/L) t (hr)* C (tng/L) t (hr)* C (mg/i)

Pre 0 Pre 0 Pre 0

0 5.0 0 4.9 0.25 1.3

0.25 3.8 0.5 4.0 0.50 5.2

0.50 4.1 . 1.0 3.9 1.0 4.7

1.6 3.9 2.0 3.8 2.25 4.5

2.0 - 3.7 ’ : 4.0 3.5 3.0 4.5

4.25 3.6 5.0 3.5 4.0 3.8

6.25 3.7 8.0 3.5 5.0 3.9

8.25 3.6 12.0 ■ 3.4 640 : ■ 4.1

11.0 3.3 24.8 3.5 8.0 4.2
19.5 3.5 33.5 3.4 13.0 3.7

. 24.0 3.2 — — —  —   ̂: 24.0, V 3.6

47.25 3.0 46.5 3.0 47;1 / :3.2

71.75 2.4 47.8 2.8. 72.4 3.0

93.75 : 2.2 48.8 2.8 95.5 2.5

226.25 1.0 49.8 2.8 144.75 1.9

267.25 0.9 50.8 2.7 198.0 1.5

334.75 0.6 51.8 2.6 . 241.5 1.1
52.8 2.6 293.75 0.7

. 53.8 2.6 341.5 0.6

54.8 2.5 

— Continued■
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Subject Three— ■‘Continued

Intravenous Control Alkaline Diuresis Oral
t (hr)* . C (mg/L) t (hr)* C (mg/L) t (hr)* . C (mg/L)

: 55.8 ; 2.6
56.8 2.5

■ ■ ; '

58.8 : : :,2"4 -:/ : ./-
60.8 2.1

62.25 1.8

72.25 2.1
; : 96.0 1.8

120.25 1.8
144.0 1.6

216.0 1.2 ; ■ v

264.0 : 1.0

312.25 0.8

486.5 0.5

* Time after intravenous infusion '

** Lines denote the time period of alkaline diuresis
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Subject Four

Intravenous Control \ Alkaline Diuresis : Oral
t (hr)* C (mg/L) t (hr)* C (mg/L) t (hr)* C (mg/L)

Pre 0 Pre 0 Pre 0
0 5.9 0.25 ; 5.9 0.5 ; 3.6

. 1.1. 5.2 0.50 5.4 0.8 7.4
2.1 4.2 • 1.0 5.0 1.2 6.6
6.6 ■ 4.5 2.0 4.6 2.2 . 5.8

: 8 „ 25 :: ;: 4.4 . 4.3 4.9 '■ ‘3(0 >W; 5.4
' 9.5 : - 4.2 6.0 4.4 4.3 ' 5.7
12.0 4.5 8.0 4.5 ; ' 5.3 5.4

: 2 3 . 4 ; 4.1 y 12.0 4.3 i; .6.2 4.8
47.8 , 3.7 24.0 4.3 8.5 : 5.o
. 55.1 3.4 36.25 4.4 ‘ 12.0. 4.9
99.3 3.1 26.0 4.9

127.3 2.5 ■; i 47.75 3.5 48.2 4.1
176.1 ■ 1.9: : V ; 48.75 3.8 120.0 2.7
204.0 1.7 49.75 3.3 145.0 2.6
362.0 0.8 50.75 3.8 . 169.5 2.1

52.75 3.5 . 217.2 1.7

: 53.75 3.3 318.5 0.8

54.75 3.0

55.75 3.2

56.5 3.4

— Continued
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Subj ect Four— Continued

Intravenous Control % Alkaline Diuresis Oral
t (hr)* C (mg/L) t (hr)* C (mg/L) t (hr)* C (mg/L)

**

59-0 3.2

61.0 2.9

. 62.75 : 2.9

71-5 3.0 '

97.5 2.3

' 120.0 2.1 '
200.0 1.5
248.4 1.1

* Time after intravenous infusion

** Lines denote the time period of alkaline diuresis
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Subject Five

Intravenous Control Alkaline Diuresis Oral
t (hr)* C (mg/L) t (hr)* C (mg/L) t (hr)* C (mg/L)

Pre ' 0 Pre 0 . Pre 0
0 ' 5.4 0 6.9 0.25 0.6

0.50 4.9 1.2 5.6 0.50 2.5

1.0 4.8 • 2.0 5.5 1.0 3.3

2.0 4.9 4.25 5.5 2.0 ; 4.5

■ 4.0 4.4 6.0 5.4 3.0 4.9

. 6.3 4.5 8.0 5.2 . 4.0 4.6

8.3 , 4.8. . 12.0 . 4.6 ' 5.0 4.5

12.0 4.6 24.25 4.4 ... 6.0 : ’■ 4.5

34.25 3.5 37.0 4.2 8.0 4.2

58.5 2.9 ** 11.75 4.3

83.5 2.9 ; 46.25" 3.7 25.2 3.7

100.75 2.6 47.5 3.6 54.75 2.9

124.5 2.4 48.5 3.5 78.7 2.4

227.0 1.1 49.5 3.4 101.25 2.1
269.0 0.8 50.5 3.6 150.5 1.3

314.0 0.6 51.5 3.4 194.0 1.1
52.5 3.6 240.75 ■ ' 0.7

53.5 3.7

54.5 3.2

; - 55.5 3.3

— Continued
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Subject Five— -Continued

Intravenous Control Alkaline Diuresis Oral
t (hr)* C (mg/L) t (hr)* C (mg/L) t (hr)* C (mg/L)

56.5 3.3
**

58.5 / 3.5
60.5 3.5

62.5 3.2

74.75 2.5

101.25 2.1
124.2 1.8

149.0 v 1.4
197.25 1.0

* Time after intravenous infusion

** Lines denote the time period of alkaline diuresis
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Subject Six

Intravenous Control
t (hr) * C (mg/L)

Pre ' ' 0
0 9.3

0.25 5> 7

0.50 4.9

1.0 4.7

2.0 4.7

4.0 4.5

6.5 4.3

8.0 4.0

10.0 : 4.1
11.7 3.8

23.7 3.8

32.25 3.9

47.75 3.7

73.6 3.1

98.1 2.8

L19.3 2. 3

150.1 2.1

175.3 1.8

218.0 1.4

270.1 1.0

Alkaline Diuresis 
t (hr)* C (mg/L)

Pre 0 V

0 8.9

0.50 4.8

1.0 4.3

2.0 ; - - 4,0

4.0 4.0

6.0 4.3

8.0 4.2

12.3 4.0

24.0 3.8

31.5 3.5
**

46.5 3.2

47.75 3.2

48.75 ■ 3.1

49.75 3.2

50.75 3.1

51.75 3.0

52.75 3.1

53.75 1::;'■

54.75 3.0 

— -Continued

Oral _____
t (hr)* C (mg/L)

Pre 0

: 0.25 1.1
0.50 .1.4

1.0 • 1.7

. 2.0 . : 5.1

3.0 " 4.7

4.0 4.5

5.0 4.7

6.4 4.3

9.0 4.3
12.0 4.2
23.5 4.2

48.0 • 3.7

72.0 V : 3.4

97.0 . 3.2

125.5 3.0

147.75 2.2

217.0 . 1.6

268.25 . 1.5

364.5 0.7

408.0 V  0.6
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Subject Six-Continued,

Intravenous Control Alkaline Diuresis Oral
t (hr)* C (mg/L) t (hr)* C (mg/L) t (hr)* C (mg/L)

332.1 0.9 55.75 3.0

409.6 0.6 56.75 3.0

57.75 2.8

58.75 2.8

60.75 2.7

62.75 
■ 64.75

2.5 ,
2.6

72.0 2.6

96.15 . 2.3

128.0 2.3

151.0 1.9

197.75 . 1.6

. 245.5 1.4

391.75 0.8

461.5 0.7

* Time after intravenous infusion 

** Lines denote the time period of alkaline diuresis
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, ; Intravenous Control Dose for Subject One

Time Concentration . Volume Amount pH
(hr) (mg/L) (ml) (mg)

; 4.0 • 7.3 : : 116 0.9 6.5
6.0 ; 2.7 68 0.2 6.5

8.0 3.9 42 0.2 5.5

10.0 ' . 6.7 46 ■ 0.3 5.5

14.0 4.6 125 0.6 6.0

16.0 3.4 57 0.2 5.5
18.9 2.7 86 0.2 5.5

24.0 3.8 : 500 1.9 6.5

30.0 3.4 161 : 0.6 6.5

36.0 5.8 150 0.9 6.0

48.0 3.6 : 335 1.2 - 6.0

60.0 6.4 ; 250 1.6 6.5

72.0 , 3.1 : 675 2.1 6.5
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Alkaline; Diuresis Dose for Subject One

Time
(hr)

Concentration
(mg/L)

Volume 
. (ml) .

Amount
(mg)

: ' pH Na+
(mEq/L)

K+
(mEq/L)

8.0 6.4 300 1.9 6.0
12.0 5.7 225 1.3 ; 5.5
24.0 11.3 - 450 5.1 5.5

*

46.0 8.1 400 3.2 6.0 ' 100 ; 42

47.2 5.7 ' . 100 0.6 7.6 38 54

48.2 ■ ■ ■ 4.4 275 1.2 7.8 •' ''25„-:;; 29

49.2 . 2.5 475 1.2 . 7.8 17 10

50.2 2.7 425 1.2 7.8 • 33 11

51.2 2.6 575 1.5 7.8 35 8

52.2 : , 1.9 450 0.9 7.8 34 v: 8

53.2 • 2.6 500 • 1.3 7.8 39 9

54.2 2.3 500 1.2 7.8 39 7

55.2 1.7 , 500 0.9 7.8 31 7

56.2 2.1 450 . 1.0 7.8 48 9

58.2 3.6 750 , 7  / +7.5 53 12

60.2 5.0 325 1.6 +7.5 71 15

62.2 : 5.8 300 1.7 +7.5 97 16

74.2 5.0 1125 5.6 +7.5 32 ' 5

74.2 ■■= 6.0 ' V 525 3.2 

— Continued

+7.5 38 : - 18



Alkaline Diuresis Dose for Subject One— Continued

Time C oncentration Volume Amount pH Na+ KV
(hr) (mg/L) (ml) (mg) (uiEq/L) (mEq/L)

86.2 4.8 1575 7.6 +7.5
98.2 5.2 450 2.3 6.0

* Lines denote the time period of alkaline diuresis
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Intravenous Control Dose for Subject Two

Time
(hr)

, Concentration 
(mg/1)

Volume
(ml)

Amount
(mg)

PH

3.5 • 5.9 71 0.4 5.5
6.7 2.2 50 0.1 5.5

8.2 2.8 - 43 0.1 6.0
10.2 3.2 55 0.2 6.0

12.2 4.0 - 68 0.3 6.5
14.2 4.0 \ 80 0.3 6.5

21.5 1.8 330 ' 0.6 6.0

24.0 v" 3.6 152 0.6 6.5

29.0 4.8 266 1.3 6.0

33.0 4.7 . 160 0.8 : 5.5

37.0 4.8 163 : 0.8 6.0

45.0 . 4.4 ; 264 1.2 5.0

50.5 1.3 267 0.4 6.0

59.0 1.0 244 . 0.2 5.0

68.5 5.1 . 187 1.0 5.5
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Alkaline Diuresis. Dose, for Subject Two

Time
(hr)

Concentration
(mg/L)

Volume
(ml)

Amount
(mg)

■ pH ■ Na+
■ (mEq/L)

K+
(mEq/L)

9.0 4.6 350 1.6 6.0
23.0 4.0 475 1.9 5.0
31.0 4.8 500 2.4 6.0

*

46.5 2.8 500 . 1.5 ' 5.0 155 34

47.8 7.3 70 0.5 7.5 100 63

48.8 3.2 160 0.5 7.3 48 20

49.8 2.2 500 1.1 7.0 14 8

50.8 3.2 270 0.9 7.6 26 16

51.8 2.3 560 1.3 7.7 28 , 10

. 52.8 4.1 320 1.3 7.8 62 18 .

53.8 2.5 280 0.7 7.7 70 13

54.8 3.4 200 : 0.7 7.7 115 10

55.8 390 0.4 7.8 36 5

56.8 0.8 560 0.5 7.8 78 12

58.8 1.9 . 390 0.8 +7.5 S3 9

60. 8 : 4.0 210 0.8 +7.5 95 • 6

73.8 - 1.5 800 1.2 +7.5 152 6

78.8 3.4 550 1.9 7.0

87.3 : :: 3' 4 375 - 1.3 6.5

— Continued
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Alkaline Diuresis Dose for Subject Two— •Continued

Time
(hr)

Concentration
(mg/L)

Volume
(ml)

Amount
(mg)

pH Na+
(mEq/L)

K+ . 
(mEq/L)

95.3 / 1.9 - 500 1.0 6.0

106.3 1.4 850 • 1.2 6.0

120.3 1.3 900 1.2 5.5
134.8 2.4 475 1.1 6.0

* Lines denote the time period of alkaline diuresis
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Intravenous Control Dose for Subject Three

Time Concentration Volume Amount pH
(hr) (mg/L) (ml) (mg)

8.25 7.9 350 2.8 6.5

19.5 6.6 650 4.3 6.5

24.0 5.9 • 625 3.7 - 7.0
29.75 6.4 330 2.1 7.0
44.0 3.5 520 1.8 5.5
47.25 6.8 240 1.6 7.0

59.0 . 5.0 475 . 2.4 6.5

67.25 \ ; . 3.7 375 1.4 5.5

71.75 4.4 . 300 1.3 6.0

79.25 2.7 1200 3.2 5.5

85.5 : 1.2 1000 - 1.2 6.0
91.5 1.2 825 1.0 5.5

93.75 7.2 ‘ 140 1.0 7.0

102.0 ; V  ; 4.8 525 2.5 ' ■. 7.0



87
Alkaline Diuresis Dose for Subject Three

Time 
(hr) '

Concentration
(mg/L)

Volume
: V <ral>

Amount . 
(mg)

pH ■ Na+
: (mEq/L)

K+
(mEq/L)

8.0 5.3 450 2.4 5.5
12.0 3.7 150 0.6 5.5

24.75 5.2 ■ ' 300 1.6 6.0

33.5 6.7 450. 3.0 7.0
A

46.5 5.5 . 675 a:. 6.0 169 28

47.75 10.3 125 1.3 7.8 215 102

48.75 3.6 450 1.6 7.8 44 28

49.75 4.0 400 1.6 7.8 65, 30

50.75 3.3 500 1.6 7.8 59 21

51.75 ’ 3.9 475 • 1.8 7.8 64 18

52.75 3.5 450 ■ 1.6 7.8 66 17

53.75 3.9 400 1.6 7.8 84 20

54.75 4.6 350 1.6 7.8 94 17

55.75 3.2 500 , 1.6 7.8 74 13

56.75 3.3 475 1.6 7.8 82 14

58.75 7.1 300 . 2.1 7.8 178 27

'60.75 V'/ :7-5 ' - 275 • 2.1 7.8 171 13

62.25 n.i 125 1.4 7.8 283 13

72.25 7.0 525 3.8 7.5 225 19

79.25 5.5 750 4.1 7.5 ' 244 36

— Continued
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Alkaline Diuresis Dose for Subject Three-— Continued

' Time 
(hr):

Concentration 
(mg/L),

Volume
(ml)

Amount
(mg)

: pH Na+
(mEq/L)

: ; K+ 
(mEq/L)

96.0 3.4 650 2.2 6.5

110.5 ' 2.6 1000 2.6 6.0

120.25 2.4 350 0.8 5.5

132.0 5.4 550 3.0 7.0

144.0 2.4 425 ' ' - / 1.0 5.0

* Lines denote the time period of alkaline diuresis
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Intravenous Control Dose for Subject Four

• Time Concentration Volume Amount pH
(hr) (mg/L) (ml) (mg)

8.3. 6.0 425 2.6 6.0
11.8 5.8 160 0.9 6.0

23.4 5.0 475 : 2.4 5.5

33.4 . .4.7 200 0.9 6.0

47.8 4.5 925 4.2 6.0
59.8 3.6 550 2.0 5.0
71.8 4.8 570 2.1 : 5.0

83.8 ' - -3.4 610 2.1 5.0

95.8 3.5 620 2.2 5.0
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Alkaline Diuresis Dose for Subject Four

Time
(hr)

Concentration
(mg/L)

Volume 
. (ml)

Amount 
' (mg)

: PH Na+
(mEq/L)

K+
(mEq/L)

8.0 5,3 380 2.0 6.0

12.0 1.9 480 0.9 6.0

24.0 0.5 670 0.3 6.0

36.25 1.5 930 1.4 6.0
' *

46.5 ' 5.9 480 2.8 6.0 142 43

47.75 8.6 65 0.6 ' 7.5 150 13

48.75 6.2 130 0.9 7.2 42 34

49.75 . 3.5 570 2.0 ' 7.6 21 14

50.75  ̂ 3.:7-% • 475 ;:'v, v 1.8 7.8 34 20

51.75 ■ 4.4 420 1.9. 7.7 49 25

52.75 4.2 385 1.6 7.8 57 19

53.75 6.7 290 1.9 7.8 107 24

54. 75 4.3 600 2.6 7.8 64 13

55.75 4.2 370 . 1.6 . 7.8 70 12

56.75 4.3 690 3.0 7.8 69 11

59.0 6.9 480 ;; 3 , 7.8 145 23

61.0 7.0 140 0.9 7.8 223 26

62.75 4.9 ' 125 0.6 7.8 184 16

71.5 1.4 870 , 1.2 +7.5 66 5

84.0 . 0.9 1200 1.1 +7.5 54 12

— Continued
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Alkaline Diuresis Dose for Subj ect Four— Continued

Time'
(hr)

Concentration
(mg/L)

Volume
(ml)

: Amount 
(mg)

pH p\ ' Na+ 
(mEq/L)

K+
(mEq/L)

96.0 1.4 480 0.7 6.0

108.0 2.6 600 1.6 6.0

120.0 0.9 980 0.9 5.5
132.0 0.9 1200 : 2.3 5.0 .

* Lines denote the time period of alkaline diuresis
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Intravenous Control Dose for Subject Five

Time . Concentration Volume Amount pH
(hr) (mg/L) (ml) (mg)

8.0 . 5.2 750 3.9 5.5
12.0 " 5 . 4  ' 670 3.6 6.5
.24.0 7.2 450 . 3.2 6.0
48.0 4.6 690 3.2 6.0

72.0 '7.9 430 3.4 6.0

96.0 . 5.1 500 2.6 6.0
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Alkaline Diuresis Dose for Subject Five

' Time ■■ 
(hr)

Concentration
(mg/L)

Volume
(ml)

Amount
(mg)

PH ; • ) Na+ ' 
(mEq/L)

K+
(mEq/L)

8.0 4.7 455 2.1 5.0

12.0 4.2 : /■ 380 > 1.6 6.0

23.75 5.7 725 4.1 6.0

36.5 • . 3.8 1005 3.8 6.0
. A

46.25 4.3 . . 625 2.7 6.0 197 13

47.5 6.0 . 225 1.4 ■ 6.5 150 14

48.6 - 3.1 '■ 425 . 1.3 7.8 44 8

49.6 2.8 \ 575 1.6 7.6 39 8

50.5 3.9 500 . ■ 2.0 ; 7.8 ' : 65 9

51.5 . 3.2 > 550 1.8 7.8 63 9

52.5 2.9 625 ■ : 1.8 : 7.8 57 6

53.5 4.4 450 :: 2.0 7.8 87 11

• 54.5 2.5 875 ; 2.2 7.8 44 5

55.5 2.5 725 . 1.8 7.8 45 6

56.5 3.8 550 2.1 7.8 76 8

58.5 3.8 550 " 2.1 +7.5 73 7

60.5 9.6 1 260 : 2.5 ; +7.5 206 9

62.5 8.6 205 1.8 +7.5 211 9

. 72.0 5.1 1010 V 5.2 7.5 132 7

—-Continued
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Alkaline Diuresis Dose for Subject Five— -Continued

Time
(hr)

Concentration
(mg/L)

Volume
(ml)

Amount
(mg)

• , pH Na+
(mEq/L)

K+
(mEq/L).

84.0 lo 6 1200 1.9 4.5 69 9

* Lines denote the time period of alkaline diuresis
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Intravenous Control Dose for Subject Six

Time Concentration . Volume Amount pH
(hr) : (mg/L) (ml) (mg)

8.0 6.1 560 3.4 7.0
11.7 5.5 375 2.1 • - 6.5

23.0 3.1 1170 4.3 6.0

32.25 1.9 655 : 1.2 , 5.5

46.7 2.3 1280 2.9 6.0
59.2 2.4 730 1.8 5.5

73.0 2.2 730 1.6 5.5

83.7 5.6 495 2.8 : 6.5

97.0 3.5 785 2.8 . 6.0



Alkaline Diuresis Dose for Subject Six

Time Concentration Volume Amount . pH . Na+ . K+
(hr) . (mg/L) (ml) . (mg) (mEq/L) (mEq/L)

8.0 
. 11.5 
24.0 

31.5

46.5 3.4 615 2.1 5.0 197 65

47.75 6.2 90 0.6 7.0 147 139

49. 75 7.4 160 1.2 7.8 136 80

50. 75 . 7.3 125 0.9 ; 7.8 170 38

51.75 3.4 280 1.0 7,7 94 16
52.75 2.5 480 1.2 7.7 51 15

53.75 2.6 400 1.0 7.6 60 -: 17

54. 75 2.4 350 0.8:: 7.7 98 17

55. 75 1.8 425 0.8 7.8 104 10

56.75 2.0 475 1.0 7.7 108 10

57.75 2.1 650 1.4 7.8 66 8

58.75 2.2 650 1.4 7.8 61 9

60.75 3.6 510 1.8 +7.5 :; 133 10

62.75 5.5 320 1.8 . +7.5 ' 182 10

64.75 6.3 245 / 1.5 +7.5 225 15

71.75 2.8 ■ 310 0.9 +7.5 ; 255 29

2.9

5,5
5.2

5.3

345

280

615
515

1.0
1.5
3.2

2.7

5.5 

6.0
6.5

6.5

— Continued
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Alkaline Diuresis Dose for Subject Six— Continued

Time
(hr)

Concentration
(mg/L)

Volume
(ml)

Amount
(mg)

pH Na+
(mEq/L).

K+
(mEq/L.)

82.0 2.4 780 1.0 . 7.5 215 27
96.0 3.4 725 2.5 7.5

105.5 1.7 990 1.7 6.0

118.5 0*5' 725 5.0

133.5 1.4 710 1.0 5.0

* Lines denote the time period of alklaine diuresis



APPENDIX C

BLOOD pH AND SERUM ELECTROLYTE- CONCENTRATIONS 

FOR THE SIX SUBJECTS 

PRIOR TO AND AT 5 AND 10 HOURS 
OF ALKALINE DIURESIS
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Subject Time pH Na+ K+ Cl- C02
(mEq/L) (mEq/L) (mEq/L) (mEq/L)

' 1 0 7.41 .139 4.1 105 20.6

5 7.41 142 3.0 97 35.8
10 7.42 143 3.1 101 32.1

2 0 7.41 139 4.0 107 22.4

5 7.46 139 3.2 99 31.7

10 7.40 141 3.5 v 96 36.1

3 v 0 . 7.39 136 : 4.0 100 24.4

5 7.47 : 137 3.3 100 28.7

10 7.48 137 2.9 98 30.9

4 0 7.44 138 4.1 108 21.3

5 , 7 43 141 3.3 100 31.3

10 7.46 139 3.3 99 7 33.2

5 0 7.39 140 3.9 105 21.5

5 7.39 142 3.5 , 100 32.3

10 7.41 . 142 . 3.4 97 37.3

6 0 7.41 137 3.9 109 20.8

5 7.47 136 • 3.6 103 26.8

10 7.43 139 3.3 100 31.5



APPENDIX D
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Computer fit parameters for the serum phenobarbital concentration 
versus time plots for the intravenous control dose and the oral 
dose.

Subject
A

(mg/1)
a

(hr-1)
B

(mg/1)
3

(hr-1) A /(mg/1)
a

(hr-1)

1 1.4 1.0 5.4 0.0040 4.7 0.0045

2 1.2 2.0 4.8 0.0042 4.5 0.0054

. 3 1.2 9.6 . 3.7 0.0055 ■ ' 4,3 0.0058

4 1.4 1.3 4.8 0.0065 4.6 0.0076

5 - 4.8 0.0065 . 4.6 0.0076

6 4.8 ■4.9 4.4 0.0050 4.9 . 0.0051

Mean 2.0 3.8 4.6 0.0050 4.8 0.0057

S.D. 1.6 3.6 - 0.6 0.0009 . 0.5 ; 0.0011
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