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A B S T R A C T The mean half-life of antipyrine in the
plasma of four sets of identical and four sets of fraternal
twins after a single oral dose of 16 mg/kg of antipyrine
was 12.7 ±SD 3.3 hr. After 2 wk on sodium pheno-
barbital (2 mg/kg daily) the half-life of antipyrine in
the plasma of these twins was reduced to 8.0 ±SD 1.5 hr.
Shortening of the plasma antipyrine half-life occurred in
all but one of these 16 normal, adult volunteers, but
there was considerable variation in the extent of reduc-
tion which ranged from 0 to 69%. Phenobarbital admin-
istration decreased individual variations in antipyrine
metabolism as indicated by the smaller standard deviation
of the plasma antipyrine half-lives after phenobarbital
than observed initially and by the narrowed range of
variation in plasma antipyrine half-lives from 2.8-fold
initially to 1.8-fold after phenobarbital. These results
suggest that some inducing agents may be used to mini-
mize individual variations in drug metabolism where
such variations create therapeutic problems by exposing
patients who slowly metabolize certain drugs to toxicity
and other patients who rapidly metabolize some drugs
to undertreatment.

During the course of phenobarbital administration
blood levels were determined. Phenobarbital blood levels
correlated neither with the final values for plasma anti-
pyrine half-lives nor with the per cent reduction in
plasma antipyrine half-life produced by phenobarbital
treatment. There was a direct relationship between ini-
tial antipyrine half-lives and the per cent shortening of
antipyrine half-life produced by phenobarbital adminis-
tration: the shorter the initial antipyrine half-life, the
less the reduction caused by phenobarbital treatment.
Larger intrapair variances in fraternal than in identical
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twins indicate genetic, rather than environmental, con-
trol of phenobarbital-induced alterations in plasma anti-
pyrine half-life.

INTRODUCTION
Genetic control of induction in man. By changing

rates of drug metabolism in hepatic microsomes, numer-
ous factors may substantially modify the duration and
intensity of action of various therapeutic agents. Al-
though genetic, dietary, hormonal, and nutritional causes
of alterations in the drug-metabolizing activities of
hepatic microsomes have been investigated, particular
attention has focused on certain foreign compounds that
augment these activities (1-11). Various agents may
shorten not only their own duration of action, but also
that of other drugs administered simultaneously. Such
drug interactions have important clinical consequences.

Phenobarbital has been employed therapeutically in
combatting hyperbilirubinemia in children with congeni-
tal nonhemolytic jaundice (12-14). However, simul-
taneous administration of several agents may be hazard-
ous, as when patients on Dicumarol or warfarin receive
phenobarbital, thereby raising the dosage requirement of
the anticoagulant, or conversely, when patients on Di-
cumarol or warfarin and phenobarbital have the latter
drug discontinued, thereby decreasing the dosage re-
quirement of the anticoagulant.

The newly recognized role of phenobarbital to alter
the effectiveness and dosage requirements of other drugs
makes individual variations in response to phenobarbital
a clinically significant problem. It might be assumed that
subjects achieving comparable blood levels of pheno-
barbital would have their blood levels of other drugs
changed to similar extents. However, this study reveals
genetically determined differences among individuals in
the extent of phenobarbital-induced alterations of plasma
antipyrine half-lives. These individual variations in the
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degree of shortening of antipyrine half-life by pheno-
barbital appear to be independent of absolute blood
levels of phenobarbital.

Large variations in the metabolism of certain drugs
occur in man (3). Significant individual differences in
the metabolism of antipyrine, Dicumarol, and phenyl-
butazone have been demonstrated and recently attributed
to genetic, rather than to environmental, factors (3).
These individual variations in rates of drug elimination
from plasma presumably arise from polygenically deter-
mined differences among normal subjects in the activities
of their hepatic microsomal drug-metabolizing enzymes.
Evidence is now presented to suggest that large indi-
vidual differences in the phenobarbital-induced shorten-
ing of plasma antipyrine half-lives are also genetically,
rather than environmentally, controlled.

METHODS
Eight pairs of twins from the Washington, D. C., area
volunteered for this study. All were 21 yr of age or over,
Caucasian, and in good health, as determined by history,
physical examination, and routine laboratory studies. None
were medicated for 1 month before the study. Typing of the
volunteers for approximately 30 blood groups helped deter-
mine that four sets were identical, or monozygotic, and four
sets were fraternal, or dizygotic.

At 9 a.m. each subject received a single oral dose of anti-
pyrine (18 mg/kg) dissolved in water. At 3, 6, 9, and 12 hr
thereafter, blood (12 ml) was drawn, anticoagulated in
0.1 ml of 40% sodium citrate and the plasma assayed in
duplicate for antipyrine by the method of Brodie, Axelrod,
Soberman, and Levy (15). According to this method, which
is based on the formation of the nitroso compound, 4-nitroso-
antipyrine, the following are added to 2 ml of plasma: dis-
tilled water (2 ml), a solution (2 ml) composed of 0.33 M
ZnSO4, and 0.25 N H2SO4, and finally, 0.75 N NaOH (2 ml
dropwise, with continuous agitation). After centrifugation
at 3300 g for 15 min, one drop of 4 N H2SO4 is added to
the supernatant. The optical density (OD) is read in a
Beckman DU spectrophotometer at 350 mj& against a blank
composed of distilled H20 (3 ml) plus one drop 4 N
H2SO4. Then to each specimen of acidified plasma, as well
as to the blank, is added two drops of NaNO2 (2%o). After
20 min the ODat 350 m, is redetermined and the differences
in OD at To and T2o are measured and compared to stan-
dards prepared from plasma to which known amounts of
antipyrine have been added.

On each of 14 successive days thereafter every twin took
a single oral dose of sodium phenobarbital (2 mg/kg) at
11 p.m. During this period blood levels of phenobarbital
were determined at regular intervals by the method of
Butler, Mahaffee, and Waddell (16). In this method 2 ml
of plasma and 1 ml of Na2HPOc-NaH2PO4buffer, pH 8.0,
1 mole/liter, are extracted with 12 ml of ether. 10 ml of the
ether layer, obtained after shaking for 20 min and centri-
fuging at 2800 g for 5 min, is added to 4 ml of buffer,
pH 11, composed of 0.1 N NaHCO, and 0.09 N NaOH.
After shaking and centrifugation are performed as before,
the ether is removed and the aqueous layer is rewashed
with 2 ml of ether. After shaking and centrifuging as
above, the ether is removed. The OD of the aqueous layer
is then measured in a Beckman DU spectrophotometer at
both 240 and 260 m1u and from the difference the amount of

phenobarbital can be estimated by comparison with standards
composed of plasma to which known amounts of pheno-
barbital have been added.

On a daily dose of 2 mg/kg phenobarbital, drowsiness and
lethargy developed in almost all volunteers after a few days,
but in only a few were these symptoms sufficiently severe
to interfere with performance at work. Several reported
abdominal discomfort and nausea; two complained of diar-
rhea. A generalized drug rash occurred in two individuals,
one of whose identical twin had no symptoms while on the
same regimen. The identical twin who suffered the rash
denied previous exposure to phenobarbital, but gave a
history, unlike her sib, of hay fever and allergy to certain
foods. Phenobarbital was discontinued, and this set of twins
was dropped from our study. No other twins starting the
study failed to complete it, although in another twin
without a history of allergy or skin eruption what appeared
to be a drug rash occurred on forearms, elbows, and trunk
after 1 wk of phenobarbital ingestion. She insisted on con-
tinuing phenobarbital; and the erythematous, scaly, pruritic
rash receded while she remained on the same dose of
phenobarbital.

At the end of the 2 wk course of phenobarbital, each
volunteer received a single oral dose of antipyrine (18
mg/kg) at 9 a.m. and blood specimens were drawn at 2, 4,
6, and 8 hr thereafter to determine the rate of elimination
of the drug from plasma.

RESULTS
Figs. 1 and 2 show the decay of antipyrine from the
plasma of four sets of identical twins and four sets of
fraternal twins, respectively. They illustrate the decline
of antipyrine in the plasma of each subject after two sepa-
rate doses of antipyrine were administered, the first be-
fore and the second after 2 wk of medication with sodium
phenobarbital (2 mg/kg daily). In all but one of the
16 twins, phenobarbital treatment effected a decrease in
the plasma half-life of antipyrine, but the extent of the
reduction varied considerably and ranged from 0 to 69%
of the initial plasma antipyrine half-life. Table I shows
the twin's age, sex, plasma half-life of antipyrine before
and after phenobarbital administration, per cent change
in plasma half-life of antipyrine, blood levels of pheno-
barbital at various times during the 14 day period of its
administration, and habits with respect to cigarette
smoking, coffee and tea ingestion, and alcohol con-

sumption. The mean half-life of antipyrine in the plasma
of four sets of identical and four sets of fraternal twins
was 12.7 ±SD 3.3 hr. After 2 wk on a daily dose of 2
mg/kg sodium phenobarbital, the plasma antipyrine half-
life was redetermined and observed to be shortened to

8.0 ±SD 1.5 hr. In these 16 subjects phenobarbital nar-

rowed the variation in plasma antipyrine half-life from
2.8-fold (range of 6.5-18.2 hr) initially to 1.8-fold
(range of 5.5-10.3) after 14 days on phenobarbital
(Table I). Another indication of the narrowing in indi-
vidual differences produced by phenobarbital administra-
tion is the reduction in the standard deviation of the
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mean plasma antipyrine half-life from 3.3 initially to
1.5 after phenobarbital treatment.

Fig. 3 shows that the fraternal twins F. D. and
P. D. and E. E. and E. W. had little intrapair differ-
ences in their stepwise increments in plasma pheno-
barbital levels at various times during its administration,
although Table I reveals that they exhibited the greatest
differences in their antipyrine response to phenobarbi-
tal of all the twins in the study. Further evidence
dissociating the absolute values of blood phenobarbital
from the antipyrine response is the lack of significant
correlation (0.46) between the per cent shortening in
plasma antipyrine half-life and the plasma levels of
phenobarbital almost 14 days after initiation of the drug.
Furthermore, no significant correlation (0.25) occurred
between the value of plasma phenobarbital almost 14
days after initiation of the drug and the antipyrine half-
life in plasma at this time. Similar results were obtained
at an earlier time when phenobarbital was measured in
plasma almost 7 days after administration of the drug
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was begun. The correlation coefficient between plasma
phenobarbital and final antipyrine half-life was 0.19; the
correlation coefficient between plasma phenobarbital and
per cent change in antipyrine half-life was 0.22. Fig. 4
shows a significant correlation of 0.84 between the initial
antipyrine half-life in plasma and the per cent shortening
of antipyrine half-life in plasma produced by pheno-
barbital administration: the longer the initial half-life of
antipyrine in plasma, the greater the per cent decrease
caused by phenobarbital. Conversely, the shorter the
initial half-life of antipyrine in plasma, the less the per
cent shortening produced by phenobarbital administra-
tion.

The contribution of heredity to the trait under study
(degree of phenobarbital-induced shortening of plasma
antipyrine half-life) was estimated from the formula
(17): (variance within pairs of fraternal twins minus
variance within pairs of identical twins)/variance within
pairs of fraternal twins. This formula permits values
from zero, indicating an insignificant hereditary and a
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FIGURE 2 Decline of antipyrine from the plasma of four sets of f rater-
nal twins after a single oral dose of antipyrine (16 mg/kg). Plasma
decay of antipyrine was determined before and after 14 consecutive days
on sodium phenobarbital (2 mg/kg daily).

Genetic Control of Phenobarbital-Induced Alterations in Drug Half-Life

-1

2205



TABLE I
Response of Plasma Antipyrine Half-Life to Phenobarbital Administration with Smoking, Coffee,

Tea, and Alcohol History in 16 Twins

Percentage
Plasma antipyrine difference

half-life Decrease between
in half-life sibs in Plasma pheno- Alcohol

Before After produced response barbital levels at
Age, pheno- pheno- by pheno- to pheno- Hard

Twin Sex barbital barbital barbital barbital 156 hr 212 hr Smoking Coffee Tea Beer Wine liquor

hr hr % pack! cup/ cup! bottles! glasses! os/
day day day day day day

Identical twins
Dan. E. 22, M 13.6 9.6 29.4 0 20.0 23.0 0 2 0 4 0 4
Dav. E. 22, M 13.6 9.6 29.4 20.0 23.2 4 0 2 1 0 4

A. M. 35, F 8.0 6.3 21.2 0 17.0 18.0 4 0 3 0 0 0
B. Z. 35, F 8.0 6.3 21.2 15.0 16.0 2 6-7 0 0 0 1

Bar. J. 23, F 18.2 8.4 53.8 0 16.8 17.1 0 0 0 0 0 0
Bev. J. 23, F 18.2 8.4 53.8 17.9 25.0 0 0 0 0 0 0

B. F. 26, F 10.8 7.3 32.4 2.6 16.0 23.4 0 0 0 0 0 0
B. J. 26, F 11.4 7.4 35.0 2 17.4 24.4 0 0 1 0 0 4

Fraternal twins
F. D. 49, M 12.0 10.3 14.2 14.2 14.8 19.4 0 1 2 0 0 0
P. D. 49, M 9.3 9.3 0 15.2 18.3 1 5 0 0 0 1

C. K. 49, M 17.5 5.5 68.6 6 23.0 14 2 0 1 0 18
N. R. 49, F 14.5 5.8 60.0 8 19.0 14 4 0 0 0 0

H. H. 47, F 12.3 9.2 25.2 9.8 17.8 16.6 2 2 0 i 0 i
P. M. 47, F 6.5 5.5 15.4 9 16.0 20.8 14 2 0 4 0 0

E. W. 54, F 15.0 6.9 54.0 3o.7 20.0 29.0 0 4 0 0 0 a
E. E. 54, F 9.0 6.9 23.3 3 20.0 30.0 1 2 2 0 0 4

predominantly environmental component, to 1, indicating
a strong hereditary and a negligible environmental com-
ponent. Variance within pairs was determined from the
formula (17): Z (difference between twins)'/2n. A
value of 0.99 was obtained when these formulae were
applied to the per cent alteration in plasma antipyrine
half-life produced by phenobarbital administration. This
value indicates that hereditary, rather than environ-
mental, factors control the extent to which plasma anti-
pyrine half-lives were shortened by phenobarbital admin-
istration under the conditions of this investigation.

DISCUSSION

These experiments have several new and potentially use-
ful therapeutic implications. The first new result is the
discovery of large individual variations in the extent of
phenobarbital-induced shortening of plasma antipyrine
half-life. In 16 subjects the range in reduction of plasma
antipyrine half-life after phenobarbital administration
was from 0 to 69%. Previously, in seven individuals,

variation in the response of plasma Dicumarol levels to
phenobarbital administration was noted (8). Because
phenobarbital is increasingly used to accelerate the elimi-
nation of toxic substances (12-14), large individual
differences in the magnitude of phenobarbital-induced
decreases of drug half-life have clinical applications.
Therefore, our results indicate that uniformity in the
extent of phenobarbital-induced reductions of drug half-
life should not be expected when phenobarbital is em-

ployed to treat toxic accumulations of various com-

pounds.
The present studies help to identify mechanisms re-

sponsible for individual differences in the phenobarbital-
induced shortening of antipyrine half-life. In healthy
adults not receiving other drugs, these variations in
response to phenobarbital are genetically, rather than

environmentally, determined, as indicated by much
smaller intrapair differences in identical than in fraternal
twins. Moreover, the present studies establish a direct
relationship between the magnitude of the initial plasma
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antipyrine half-life and the extent of phenobarbital-
induced shortening (Fig. 4). This relationship, which
permits prediction of the extent to which phenobarbital
will depress the initial antipyrine half-life, has potential
clinical application. Since phenobarbital shortens the
antipyrine half-life of slow metabolizers more than it
shortens the antipyrine half-life of fast metabolizers, use
of phenobarbital to reduce toxic blood levels of various
drugs would appear to aid preferentially those indi-
viduals most in need of such therapy, namely, the slow
metabolizers. On the other hand, if high blood levels of
a certain drug are therapeutically desirable but difficult
to attain, maximum effectiveness for such an agent will
be easier to achieve in a slow than in a rapid drug
metabolizer. Theoretically, in this situation the simul-
taneous administration of agents such as phenobarbital
will impede attainment of adequate blood levels of the
drug more in slow than in rapid drug metabolizers
(Fig. 4).

Related to these observations are the reduction of
large individual differences in plasma antipyrine half-
life from 2.8-fold to 1.8-fold after 2 wk of phenobarbital
administration and the decline of the standard deviation
of the mean plasma antipyrine half-life from 3.3 to 1.5.
These results suggest that where large individual differ-
ences in drug metabolism create problems in clinical
management, relatively innocuous inducing agents could
be administered to minimize such variations, thereby

I-

.

E
-£

0
z
I
a.

4
Cl)
-J
a.

32
28
24
20
16
12
8
4

21
1.

11

11

11

*E.E.
0 E.W

01
'O _ F.D.
18 * PD.
16-
14

12
10 _

8
6

4
2 _
cWO 100 200 300 400

HOURSAFTER PHENOBARBITAL

FIGURE 3 Plasma levels of phenobarbital in two sets of
fraternal twins (F. D. and P. D. and E. E. and E. W.) at
intervals from the start of sodium phenobarbital administra-
tion (daily dose of 2 mg/kg for 2 wk).

w
IL s-g801_-J
IL
-i
4

< 60 -

0.z

0 0
CD

z
0
CD)
z

0.
C) O
co

0

03
03

* Identical twin
o Fraternal twin

5 10 15 20
INITIAL ANTIPYRINE HALF-LIFE (Hours)

25

FIGURE 4 Positive correlation (0.84) between the initial
antipyrine half-life in plasma and the phenobarbital-induced
shortening of antipyrine half-life.

facilitating achievement of uniform and optimum blood
levels of drugs and reduction in the incidence of toxicity
on the one hand and of undertreatment on the other.
It might be suggested that phenobarbital administration
stabilizes drug half-lives, which might be considered to
fluctuate under many nutritional, hormonal, and physio-
logic conditions. However, as we (3, 18) and others
(19, 20) have demonstrated, values for antipyrine half-

life are stable, highly reproducible, genetically controlled
traits in normal adults not receiving other drugs. Expla-
nations are not currently available for the marked reduc-
tion in the extent of individual variations in antipyrine
half-life after phenobarbital administration or for the
related observation that phenobarbital shortens anti-
pyrine half-life more in individuals with high than with
low initial values. It is not known how much further
plasma antipyrine half-lives could be reduced by giving
larger doses or longer courses of phenobarbital.

Antipyrine was selected as a model drug to investigate
because it is bound to the extent of only 10% to plasma
proteins (19) and is not excreted unchanged by the kid-
ney (20), but handled in the body almost exclusively by
hydroxylation in hepatic microsomes (20). Antipyrine
has been employed effectively to measure total body
water (19). It is not secreted into the stomach in sig-
nificant amounts nor removed by the biliary circulation.
Theoretical calculations according to volumes of distri-
bution reveal that after equilibrium is attained, less than
1% of the dose in the body would be expected to be in
the stomach. Figs. 1 and 2 demonstrate that pheno-
barbital administration has apparently not altered the
volume of distribution of antipyrine. Previous studies
revealed a threefold difference among 18 pairs of identi-
cal and fraternal twins in antipyrine metabolism (18)
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but no sex difference in plasma half-lives of antipyrine
(18). Since phenobarbital treatment elevates the activity
of hepatic microsomal drug-metabolizing enzymes, stimu-
lates incorporation of amino acids into protein, and
causes increased synthesis of protein (5), shortened
antipyrine half-lives in all but 1 of 16 normal adult vol-
unteers and the properties of the drug described above
strongly suggest that phenobarbital accelerates the me-
tabolism of antipyrine by inducing an hepatic microsomal
hydroxylase. Although measurement of hepatic micro-
somal drug-metabolizing activity would be required to
prove this hypothesis, no adequate alternative explana-
tion is available for our observations on the effects of
phenobarbital administration on plasma antipyrine half-
lives. Greater similarity of the inductive response in
identical than in fraternal twins implicates a genetic fac-
tor in the regulation of the hypothesized inductive proc-
ess. Under the conditions of this investigation, the con-
tribution of heredity to the trait in question was calcu-
lated to be 99%. Our data do not permit selection among
the multiple possible regulatory sites at which the
genetic factor may operate.

No attempt was made to control dietary or fluid intake
in the volunteers; however, none received medications
for 1 month before initiation of the study. Failure of
plasma phenobarbital levels either at 156 or at 276 hr
after initiation of medication to correlate with the
plasma antipyrine half-life at 276 hr or with the per-
centage change in antipyrine half-life suggests that the
effect of phenobarbital in inducing an hepatic micro-
somal antipyrine hydroxylase is not entirely dependent
on blood levels of phenobarbital. Fig. 3 strengthens this
conclusion by revealing that in the two sets of frater-
nal twins with largest intrapair differences in pheno-
barbital-induced shortening of plasma antipyrine half-
lives, intrapair differences in plasma phenobarbital levels
were negligible during the 2 wk of phenobarbital admin-
istration. Differences in plasma phenobarbital levels
during the period of phenobarbital administration were
anticipated; for phenobarbital, renal excretion plays a
more prominent role in the elimination process than does
metabolism; and diet, by affecting urinary pH, can alter
appreciably the rate of renal excretion and hence the
blood levels of the drug (21). Without controlling diet,
we were surprised that greater individual differences in
the plasma phenobarbital levels did not occur (Fig. 4,
Table I).

During a year several twins not receiving other drugs
had their plasma antipyrine half-lives determined on

three separate occasions. Reproducibility of antipyrine
half-lives in plasma within 10% of initial values indi-
cates relative constancy of the rate at which individuals
metabolize this drug. Reproducibility of individual
plasma half-lives of antipyrine has been described pre-

viously (18). Wide fluctuations might have been antici-
pated because the quantity ingested of the numerous
inducing agents to which many expose themselves, such
as alcohol (11), caffeine (22), nicotine (23), 3,4-benz-
pyrene, and 3-methylcholanthrene (5), probably varies
appreciably from day to day. Histories of coffee inges-
tion and cigarette smoking did not correlate with the
rate of Dicumarol metabolism in a previous study (3),
nor do these habits and alcohol consumption appear to be
related to the phenobarbital-induced reduction of anti-
pyrine half-life in this investigation (Table I). How-
ever, more extensive and detailed studies will be re-
quired to determine the effect of these habits on drug
metabolism.

In a previous study sibs from five of seven sets of
identical twins lived apart (3), so that similarity in
their rates of Dicumarol metabolism could not be attrib-
uted to those environmental factors arising from cohabi-
tation and consumption of identical food. In the present
investigation two of the four sets of identical twins live
apart, but several sets of fraternal twins who live
together (see in particular H. H. and P. M.) had mark-
edly different initial plasma antipyrine half-lives and
strikingly different responses to phenobarbital. Such
differences would be unexpected if similarity of environ-
ment significantly influenced rates of antipyrine metabo-
lism or responsiveness to inducing agents under the
conditions of our experiments.
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