
Table 1. Experimentally determined values 
of the filtration coefficient, Lp, for the mosaic 
and the control membranes. The fraction of 
active membrane surface area occupied by 
cation exchanger, yc, is indicated. Values in 
parentheses are means of values listed above 
them. 

Mem- Ap X 10-8 Lp x 1la 
brane Yc (dyne/cm2) dyne( ec) 

Anion exchange controls 
A3 0 0.80 4.7 
A4 0 .62 4.9 

.64 4.8 
(4.8) 

Cation exchange controls 
C3 1 1.00 3.5 

0.50 3.5 
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0.72 3.3 

C4 1 1.00 3.0 
(3.3) 

Mosaic membranes 
M6 0.51 1.00 3.3 

1.00 3.6* 
0.54 3.0 

M7 0.48 1.00 3.0 
0.80 2.5 

(3.1) 
* One experimental run with 0.14M KCl. 
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The results given in Table 2 indicate 
that the reflection coefficients of the 
mosaic membranes are all negative. The 
proximity of some of the reflection co- 
efficients to - 1 is fortuitous since this 
value, unlike + 1, has no special signifi- 
cance. 

It can be shown, on the basis of On- 
sager's reciprocal relations, that mem- 
branes capable of negative osmosis 
may in principle be used for "piezo- 

Table 2. Experimentally determined values 
of the KC1 permeability, w, and reflection 
coefficient, oe, for the mosaic and control 
membranes. The fraction of active membrane 
surface area occupied by cation exchanger, 
y3, is indicated. 

Mem- , 1 
brane 7~ (mole/ - 

dyne * sec) 

Anion exchange controls 
Al 0 0.07 + 0.43 
A2 0 .05 + .46 

.10 + .42 

Cation exchange controls 
Cl 1 .10 + .96 
C2 1 .09 + .86 

.10 +q .88 

.13 + .84 

Mosaic membranes 
M1l 0.52 5.6 - 1.15 
M2 .51 4.6 - 0.96 
M3 .51 5.2 - 1.24 
M4 .51 5.4 - 1.13 

4.8 - 1.04 
M5 .52 5.2 - 1.07 
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dialysis," that is, extrusion through the 
membrane of a salt solution which is 
more concentrated than that on the 

high-pressure side. This process could 

possibly have important applications in 
the field of desalination, but its prac- 
ticability has yet to be demonstrated. 

Charge-mosaic membranes may be oL 

use in applications requiring high elec- 
trolyte permeability in an otherwise rel- 
atively impermeable structure. 

JOHN N. WEINSTEIN 

S. RoY CAPLAN 

Biophysical Laboratory, 
Harvard Medical School, 
Boston, Massachuisetts 02115 
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Genetic Control of Drug Levels 

in Man: Antipyrine 

Abstract. Antipyrine was adminis- 
tered to identical or monozygotic twins 
and to fraternal or dizygotic twins. 
Individuals with identical genotypes 
(monozygotic twins) exhibited signifi- 
cantly less variability in antipyrine half- 
life than did genetically different indi- 
viduals (dizygotic twins). Therefore var- 
iations in antipyrine metabolism appear 
to be determined genetically rather than 
environmentally. In the 36 twins tested, 

antipyrine half-lives varied between 5.1 

and 16.7 hours. No significant correla- 

tion occurred between half-lives for 

phenylbrutazone and antipyrine in the 

28 twins who received both drugs. 

Large differences among individuals 

in the half-lives of phenylbutazone (1) 
and dicumarol (2) have been reported, 
but the basis for this variability re- 

mains obscure. Variability in the metab- 

olism of antipyrine has been described 
in rats and in man (4). 

This study extends previous observa- 

tions of the half-life of phenylbutazone 
in human twins (5). Large variations in 

normal individuals not receiving other 

drugs depend on genetic rather than en- 

vironmental factors (5). Since phenyl- 
butazone is bound almost entirely to 

albumin (1), the results could not ex- 

clude individual differences in binding 
to albumin or in catabolism of albumin 

(5). Antipyrine was selected as the sec- 

ond drug because structurally it resem- 
bles phenylbutazone, both being phenyl- 
pyrazolon derivatives, but it is bound 

only 10 percent by albumin (6). Since 
renal excretion of antipyrine is negli- 
gible (4), variability in half-life sug- 
gests difference in metabolism-that is, 
in levels of the hepatic microsomal en- 

zyme that hydroxylates antipyrine (4). 
The subjects were 18 pairs of volun- 

teer twins from the Washington, D.C., 
area; determined by blood grouping, 
nine twinships were identical and nine 
were fraternal. The subjects included 
14 pairs who participated in an earlier 

study of phenylbutazone (5). All 36 
volunteers were Caucasian, over 21 

years of age, and in good health; they 
had not received drugs for several 
weeks before administration of anti- 

pyrine. The individual identical twins 
of six of the nine pairs studied lived 
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of six of the nine pairs studied lived 
in different households, so that in this 
respect similarity of the external en- 
vironment seems an unlikely explana- 
tion for the results in identical twins. 
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Fig. 1. Decline of antipyrine in the plasma 
of three sets of identical twins (left) and 
three sets of fraternal twins (right). The 
log of the antipyrine concentration in 2 
ml of plasma is shown at intervals after a 
single oral dose (18 mg/kg). 

Table 1. Half-life of antipyrine in plasma. 
The difference between monozygotic and 
dizygotic twins in intrapair variance is signif- 
icant: P <.001 (F= 64.5, N= N2 = 9). 

Half-life Twin Age, sex (hr) (hr) 
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Each twin received at 0830 hours a 
single oral dose of antipyrine (18 mg/ 
kg); at intervals of 3, 6, 9, and 12 
hours thereafter blood samples were 
drawn in tubes containing oxalate, and 
the plasma was assayed for antipyrine 
by the method of Brodie et al. (7). Af- 
ter 12 hours the levels in blood in 
certain twins were so low that measure- 
ment was inaccurate. 

Figure 1 shows the decay of anti- 
pyrine in plasma from three sets of 
identical and three sets of fraternal 
twins. Table 1 gives the half-lives deter- 
mined from such curves for each sub- 
ject; the lines were fitted by eye. Three- 
fold variations in antipyrine half-life 
occurred in these 36 subjects; the range 
was from 16.7 to 5.1 hours (Table 1). 
Antipyrine half-life appears to be a 
stalble trait; in two individuals given a 
second dose 6 weeks after the first, the 
half-lives were unchanged. 

The contribution of heredity was cal- 
culated from a formula in which the 
difference between the variance within 
pairs of fraternal twins and the variance 
within pairs of identical twins is divided 
by the variance within pairs of fraternal 
twins (8). The value of 0.98 indicates 
that control of antipyrine variability in 
normal humans not receiving other 
drugs depends on hereditary rather than 
environmental factors; the formula per- 
mits a range of values from 0 (suggest- 
ing negligible contribution by heredity) 
to 1 (indicating strong hereditary in- 
fluence). Variance within pairs was cal- 
culated from a formula in which the 
sum of the squares of the difference be- 
tween twins is divided by twice the 
number of pairs of twins (8). 

The intrapair correlation coefficient 
was 1.0 for identical and 0 for fraternal 
twins. Differences between fraternal 
twins in the half-life of antipyrine 
varied from 0.4 hours in E.K. and 
R.K. (values in the range of those ob- 
served in identical twins) to 8.8 hours 
in A.M. and S.M. This result prob- 
ably depends on the degree of genetic 
similarity between the parents of each 
pair of twins. 

The antipyrine half-life in the 36 sub- 
jects was 10.9 ? 0.5 hours (mean ? 
S.E.); a value of 10 hours appears in the 
literature (3, 4). The half-lives in the 22 
female and 14 male subjects were 10.6 
? 0.7 and 11.5 + 0.7 hours (means ? 
S.E.), respectively. Similarity of half- 
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For the 28 individuals receiving both 
antipyrine and phenylbutazone, the pos- 
sibility of correlation in their rates of 
metabolism was studied, particularly in 
view of the drugs' close resemblance in 
structure. No correlation between half- 
lives of antipyrine and phenylbutazone 
in an individual was found by Bartlett's 
method (9). This lack of correlation 
suggests that antipyrine and phenyl- 
butazone are metabolized by two func- 
tionally distinct enzymes, a conclusion 
supported by differences between the 
drugs in the chemical sites at which 
hydroxylation occurs (1, 4). Knowl- 
edge of an individual's genetically de- 
pendent half-life might be utilized to 
improve the therapeutic effectiveness 
and to avoid the toxic side effects of 
many drugs. 

ELLIOT S. VESELL 
JOHN G. PAGE 

Laboratory of Chemical Pharmacology, 
National Heart Institute, 
Bethesda, Maryland 20014 

References and Notes 

1. J. J. Burns, R. K. Rose, T. Chenkin, A. 
Goldman, A. Schubert, B. B. Brodie, J. 
Pharmacol. Exp. Therap. 109, 346 (1933). 2. M. Weiner, S. Shapiro, J. Axelrod, B. B. 
Brodie, ibid. 99, 409 (1950). 

3. G. P. Quinn, J. Axelrod, B. B. Brodie, Bio- 
chem. Pharmacol. 1, 152 (1958). 

4. B. B. Brodie and J. Axelrod, J. Pharmacol. 
Exp. Therap. 98, 97 (1950). 

5. E. S. Vesell and J. G. Page, Science 159, 1479 (1968) (a similar study of the variability 
in drug levels in humans). 

6. R. Soberman, B. B. Brodie, B. B. Levy, J. 
Axelrod, V. Hollander, J. Biol. Chem. 179, 31 
(1949). 

7. B. B. Brodie, J. Axelrod, R. Soberman, B. B. 
Levy, ibid., p. 25. 

8. R. H. Osborne and F. V. DeGeorge, Genetic 
Basis of Morphological Variation, An Eval- 
uation and Application of the Twin Study 
Method (Harvard Univ. Press, Cambridge, 
Mass., 1959), pp. 17, 60. 

9. M. S. Bartlett, Biometrics 5, 207 (1949). 
10. We thank W. W. Holland for technical as- 

sistance. 
1 March 1968 

Retrograde Amnesia Produced by 
Hippocampal Spreading Depression 

Abstract. Injection of potassium chlo- 
ride into the hippocampus produces a 
disruption of electrical activity; a con- 
comitant of this disruption is a deficit 
in retention of conditioned suppression 
learned 24 hours before injection. 

A marked decrease in the amplitude 
of the electrical activity of the hippo- 

For the 28 individuals receiving both 
antipyrine and phenylbutazone, the pos- 
sibility of correlation in their rates of 
metabolism was studied, particularly in 
view of the drugs' close resemblance in 
structure. No correlation between half- 
lives of antipyrine and phenylbutazone 
in an individual was found by Bartlett's 
method (9). This lack of correlation 
suggests that antipyrine and phenyl- 
butazone are metabolized by two func- 
tionally distinct enzymes, a conclusion 
supported by differences between the 
drugs in the chemical sites at which 
hydroxylation occurs (1, 4). Knowl- 
edge of an individual's genetically de- 
pendent half-life might be utilized to 
improve the therapeutic effectiveness 
and to avoid the toxic side effects of 
many drugs. 
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Abstract. Injection of potassium chlo- 
ride into the hippocampus produces a 
disruption of electrical activity; a con- 
comitant of this disruption is a deficit 
in retention of conditioned suppression 
learned 24 hours before injection. 

A marked decrease in the amplitude 
of the electrical activity of the hippo- 
campus is seen after injection of puro- 
mycin (1). Puromycin is a potent 
inhibitor of protein synthesis and pro- 
duces retrograde amnesia (2). The 
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