
total number of responses in that interval 
to be emitted. For example, if the re-
sponse rate in some interval were con-
stant, then the quarter-life ~vould be sim- 
ply one-fourth of the duration of the 
interval. Tha t  is to say, when the rate is 
constant, one-fourth of the responses will 
occur in one-fourth of the time. If the 
responding within an  interval has posi- 
tive acceleration, then the quarter-life 
will be greater than one-fourth of the in- 
terval. O n  the other hand, if the rate 
should show a decline within an inter-
val, then the quarter-life will fall brlow 
one-fourth. 

T h e  quarter-life prior to injection 
tends to lie between 11 and 12 minutes. 
This means that about four-fifths of the 
15-minute fixed interval has elapsed 
when the first one-fourth of the responses 
in the interval have been emitted. T h e  
high value of the quarter-life expresses 
the rate increase that is characteristic of 
fixed-interval performance. 

I n  the first interval following injec- 
tion, the average quarter-life falls in-
crcaslngly further below the base-line 
value, for 2, 3, and 4 mg of pentobarbi- 
tal, respectively. This change reflects the 
loss of the characteristic rate increase 
within the fixed interval. I n  the case of 
3 and 4 m g  of pentobarbital, the quarter- 
life has fallen belolv 3% minutes. This 
indicates that the responding in these 
instances shows negative, rather than the 
customary positive, acceleration. 

T h e  time course of the drug effect on 
the quarter-life is seen in the consecutive 
postinjection intervals. By the sixth post- 
injection interval, the quarter-life has 
almost returned to the base-line value. 
T h e  effect of qodium pentobarbital, as 
measured by the quarter-life, is a change 
in the characteristic pattern of responses 
associated with thc fixed-interval sched- 
ule. T h e  magnitude of the change varies 
directly xvith the size of the dose and dis- 
sipates gradually in time. 

T h e  drug effect appears to be analyz- 
able into two comnonents: a dcnressive 
effect and a loss of the positive accelera- 
tion in responding within the 15-minute 
interval. T h e  increase in responding, 
shown in the top part of Fig. 1, is prob- 
ably a consequence of the change in the 
temporal pattern of responding ivithin 
intervals. As the depressive effect disap- 
pears, the absence of positive accelera-
tion produces responding that occurs 
throughout, rather than at the end of, the 
15-minute interval, thus increasing the 
over-all output of responses. T h e  fact 
that the depressive effect (Fig. 1, top)  
disappears more rapidly than the loss of 
discrimination (Fig. 1, bottom) prob-
ably accounts for a t  least some of the 
increase in responding. 
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O n  the Distinction between the 
Effects of Agents on Active and 
Passive Transport of Ions  

Several recent studies (1-3) designed 
to distinguish between the effects of 
pharmacologic and other agents on the 
active and passive components of ionic 
flux have brought out the difficulties of 
posing this question within the frame- 
work of current definitions of active 
transport. A brief analysis of the as-
sumptions on which an unambiguous 
distinction of this kind can be founded 
seems, therefore, very desirable. 

The  ability to separate the effects of 
an agent on the two components of flux 
hinges, of course, on an experimentally 
unequivocal distinction between the ac-
tive or passive components themselves. 
Hoxvever, such a satlsfnctory quantita- 
tive distinction does not exist a t  present, 
and one is limited to a distinction based 
on the thermodynamic definition of ac-
tive transport as transport against an  elec- 
trochemical potential gradient. This defi- 
nition was given by Rosenberg ( 4 ) .  T h e  
principal objection to this formulation 
is that it defines active transport in 
terms of a net-that is, a necessarily uni- 
directional-active flux. I t  specifically 
excludes metabolically linked transport 
( i )  that is codirectional with and in ex- 
cess of that expected from the electro- 
chemical potential gradient and ( i i )  
that is opposing but incompletely com-
pensating the flux resulting from the 
gradient. One would intuitively wish to 
include both of these. The  definition con- 
tains nothing to justify an interpretation 
of the net flux as a difference between 
two "active" components in the two di-
rections, as has been suggested. I n  addi- 
tion, it encompasses transport processes 
that require a supply of energy but do 
not derive it from metabolic reactions- 
for example, those leading to a Donna11 
equilibrium. 

I t  mav seem that one could define ac- 
tive transport as transport specifically 

coupled with metabolic reactions, with- 
out reference to the direction of the re- 
sulting net flux. However, in the absence 
of a precise knowledge of the mecha- 
nisms involved or  of a possibility of 
measuring "passive" permeability coeffi- 
cients in the undisturbed living system, 
such a definition does not prove experi- 
mentally meaningful. Numerous at-
tempts have been made to arrive at a 
value for the thus defined "passive" term 
through the use of metabolic inhibitors. 
Tha t  it is, however, impossible in prin- 
ciple to make an unequivocal distinction 
between "active" and "passive" or even 
"metabolically dependent" and "meta-
bolically independent" components of 
flux solely on the basis of experiments 
xvith metabolic inhibitors can be seen 
from the following considerations. 

According to the most general defini- 
tion, the isotopically measured flux in 
either direction xvould be expressed as a 
sum of a "passive" and an  "active" 
term. The  passive term should in prin- 
ciple be given by the product of a 
permeability coefficient, which is deter- 
mined by the properties of the cell mem- 
brane and the activity of the ion on the 
side from xvhich the flux originates. I n  
the absence of evidence to the contrary 
-and such evidence is unobtainable 
without a clear-cut identification of the 
"active" term-the permeability coeffi-
cient must be assumed to depend on the 
state of metabolism as ~vel l  as on ionic 
activity. Any metabolic inhibition must 
therefore be assumed to alter the per-
meability coefficient by an  unknoxvn 
amount and in an  unknoxvn direction. 
Thus one may not regard its measured 
value even as a meaningful extremum, 
making a distinction betxveen the "ac- 
tive" and "passive" terms on this basis 
impossible. 

More difficult to foresee is the impos- 
sibility of distinguishing by this approach 
between the components of flux xvhich 
are and those which are not dependent 
on metabolism. IYe may represent the 
total (measured) flux by an  equation 
such as 

where f, is the total inward flux, p0 the 
value of the permeability coefficient in 
the complete absence of metabolism but 
with all other independent variables re- 
turning their values, x ( m )  an  unknown 
function describing its dependence on 
the rates of metabolic reactions, a, the 
activity of the ion on the outside, and 
f i*(m) the unknown active transport 
term. Even if perfect metabolic inhibi- 
tion were achieved, there is no means of 
ruling out any effect of the inhibitor on 
the membranes, which itself is indepen- 
dent of metabolism, so that ayain the 
measured value pO' may in no way reflect 
even an  extreme value of pO.  I n  other 



-- 
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Table 1. Survey of possibilities. If Rf'= Rf, there is proportional enhancement of both quantities measured in the presence of 
active and passive transport of proportional depression of both, or no effect. the agent being designated by primes. X 

Rf' > R f  
-- - ..--

Condition Result 

A. ft increased, Cnchancement of active 
fo unchanged transport 

B.f,clecreased, Depression of passive 
f, unchanged term, exactly compen- 

sateci by enhancement 
of active term 

C.f i increased Enhancement of both 
more than f, active and passive 

transport 
D ,f i decreased Depression of passive 

less than fo transport 

E .  f t increased, Enhancement of active 
fu decreased transport and depres- 

sion of passive 
transport 

xvords, all parameters in Eq. 1 have to 
be considered as functions of the ne~vly 
introduced variable, the agent, even if 
they would represent meaningful mu-
tually exclusive terms in its absence. 
Consequently any definition that requires 
the introduction of an  additional varia- 
ble breaks down on a priori grounds. 
Thus a distinction between the effects of 
an agent on the two separate compo-
nents of flux, if it is to accomplish its 
purpose, should be based on an indepen- 
dent, phlsical definition of active trans- 
port, such as that of Rosenberg. This can 
bc accomplished under the follo~ving 
conditions. 

For reference, the defining equation 
for the active-transport term can, in an- 
alogy to the equation derived by Ussing 
(5) be written in the form 

xvhere f i  is the isotopic inxvard flux, f, 
the outxvard flux, f i Q  the "active" flux, 
a,  and ai the electrochemical activities 
outside and inside, respectively, and Pi: 
and Po the inward and outward per-
meability coefficients. Equation 2, really 
a composite of two equations, contains 
one more undctcrmined variable than 
the number of equations Hence, if one 
is to decide whether active transport oc- 
curs in a given case, a different expres- 
sion, containing only measurable quan-
tities, has to bc used. Since the only 
restriction on the relationship between 
fluxes and activities imposed by the defi- 
nition of active transport is that > f ,f+ 


as long as a,  > ai and vice versa, given 
a permeable membrane, such an  expres- 
sion is given by 

where R ,  = ao/ai. As long as this rela- 
tionship is satisfied, transport is to be 

Ri' < R f  

Condition Result 

A.  	f i  decreased, Depression of active 
fo unchanged transport 

B. fu increased, Enhancement of passive 
f i unchanged term, exactly compen- 

sated by depression 
of active term 

C. fi increased Enhancem~nt of pas.iive 
less than fo transport 

D.f i decreased Depression of both 
more than f, active and pzssi~ e 

transport 
E.  f, decreased, Depression of act;\ r 

f u  	increased term and enhanczxnent 
of passive term 

regarded as passive. Equation 3 is less 
restrictive than that derived by Ussing 
( 5 ) ,  but it is the only obligatory state-
ment of the afore-mentioned definition 
of active transport. Glynn ( 6 )  has made 
use of t ~ o  equivalent Inequalities in dis- 
cussing possible deviations from Ussing's 
equation, xvithout, however, pointing out 
that they could be properly used in de- 
fining active transport. Implicitly, the 
relationship of 	 Eq. 3 has been used by 
Hodgkin and 	Keynes (3 )  in deciding 
that the transport of K+ in the giant 
squid axon was passive after administra- 
tion of dinitrophenol. T h e  latter authors 
have also pointed out that Ussing's origi- 
nal equation requires further assumptions 
and does not furnish a criterion for the 
occurrence of active transport, except in 
special cases. I t  might be noted that the 
only condition under which Ussing's 
equation is valid by thermodynamic ar- 
guments alone is a,  = ai, for which Eq. 3 
becomes indeterminable. This is also the 
only condition under which the active 
transport term can be numerically evalu- 
ated, since it does not follo~v from ther- 
modynamic arguments that the permea- 
bility coefficients in the two directions 
(both being functions of concentration) 
arc equal, except at a, = a,. 

Once the occurrence of a c t i ~ e  trans- 
port in a given system has been ascer-
tained, an attempt to separate the effects 
of 	 an agent on the active and passive 
components is possible only on the fur- 
ther assumptions that the agent affects 
the inward and outward permeability co- 
efficients in the same sense and in equal 
proportions and does nothing to alter the 
activitie~. Experimentally, this requires 
the measurement of the flux ratio R f  in 
the absence and in the presence of the 
agent. If the 	agent depresses the per-
meability coefficients, without an effect 
on a c t i ~ e  transport f,' will be decreased 
more than f,', so that R f '  > R f ,  the 

decrease of active transport alone will 
depress f,', but leave f ,  unaltered, so that 
R ;  < R f .  Depression of both the active 
and passive term will also yield Rf'  < R f ,  
but accompanied by a decrease in both 
f,' and f,'. A complete survey of possi- 
bilities is tabulated in Table 1. Exccpt 
In the case where no change of the flux 
ratio is observed, the four measurements 
combined with the demonstration of con- 
stant activities provide a rather unam-
biguous separation of the effect of an 
agent on the active and passive compo- 
nents of the total flux, as defined ther- 
modlnamically. I t  must be kept in mind, 
hoxvever. that this definition and the nro- 
cedures based on it in no way reflect 
effects on all the metabolically linked 
comprnents which may actually occur in 
living systems. They are of value only in- 
sofar as the latter type of information is 
not obtainable a t  present xvith any de- 
gree of reliability ( 7 ) .  
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Diathelic Immunization-a 
Maternal-Off spring Relationship 
Involving Milk Antibodies 

T h e  extraordinary speed with xvhich 
the mammary gland returns specific an- 
tibody upon direct immunization with 
bacterial antigens has led us to experi- 
ments testing the hypothcsis that in in- 
tercurrent infections of the young, injec- 
tion of the antigen through the teat 
orifice during the act of nursing may 
lead to the return of specifica!ly immune 
milk. Nine normally lactating coxvs were 
used, and in each experiment a live cul- 
ture of Salmonella pullorum was instilled 
into the mouth of a calf during a single 
nursing. This species of bacteria was 
chosen because it is not a resident or 
pathogen of colvs. Only two quarters of 
the udder were offered to the calves in 
each instance. The  organisms were pre- 
pared as washings from 24-hour cultures 
on veal broth slants. Testing of the milk 
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