
acceptor, such as methylene blue or cyto- 
chrome c ( 4 ) .  The possibility was ex-
plored that ferritin might be reduced as 
a result of xanthine dehydrogenase activ- 
ity under conditions of lowered oxygen 
tension. When ferritin Jvas added to an 
anaerobic mixture of xanthine oxidase, 
hypoxanthine, or xatithine, and u,u'-di- 
pyridyl to act as a trapping agent, the fer- 
rous iron content of the system was in- 
creased 2.6 times. In  this anaerobic 
reaction, the first reduction of ferritin 
iron must occur by virtue of its action as 
an electron acceptor, for no uric acid is 
formed in the absence of ferritin. 

The reduction of inorganic iron by 
xanthine oxidase has been reported by 
Weber et al. (5) to be dependent on the 
formation of H202.The  presence of oxy- 
gen in our system stimulated reductio~i 
of ferritin iron. This may be explained 
by the formation, in oxygen, of increased 
amounts of uric acid, ~vhich reduces 
more ferritin. The  addition of crystalline 
catalase to the aerobic reaction mixture 
caused a further stimulation of ferritin 
reduction, presumably by protecting the 
enzyme against inactivation by H,O,. 
Therefore, H,O, is apparently not in-
volved in the reduction of ferritin iron. 

A homeostatic mechanism for the 
regulation of plasma iron levels is sug- 
gested by these results. I n  addition, pre- 
liminary experiments indicate the pres- 
ence in aerobic liver of a system (as yet 
uncharacterized) that is capable of oxi- 
dizing ferrous ferritin to tlle ferric state. 
In  the normal aerobic liver, ferrous fer- 
ritin, formed as a result of the activity 
of xanthine oxidase on relatively low 
levels of hypoxanthine and xanthine, 
~vould be largely reoxidized. In  the hy- 
poxic liver, as a consequence of dehydro- 
genase activity on increased quantities of 
hypoxanthine and xanthine, more ferri-
tin is reduced to the ferrous form and 
cannot be reoxidized. This results in in- 
creased levels of plasma iron. 

I n  uiuo confirmation of the role of 
uric acid in the release of ferritin iron 
to 	 the plasma has been obtained from 
preliminary experiments carried out . i~i th  
S. Raez and S. G. Srikantia in our labora- 
tory, using rats subjected to hemorrhagic 
shock. In  such animals, we observe an 
increased plasma uric acid level, which 
cannot be accounted for solely by inhibi- 
tion of kidney function caused by low- 
ered blood pressure. Similar increases in 
plasma uric acid have been reported by 
others (6)  rvithout explanation of the 
mechanism involved. 
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Criteria for Assessing 
Effects of Drugs on 
Posttetanic Potentiation 

There is considerable evidence that 
posttetanic potentiation ( P T P )  is a gen- 
eral synaptic property and is a normal 
consequence of synaptic excitation (1-5). 
Modification of the potentiating process 
by drugs (for example, 6-8) provides 
clues to the nature of the phenomenon 
as well as information concerning the 
mechanisms of action of the drugs. Be- 
cause of anatomical and physiological 
limitations on size of the efferent neu-
ronal pool (in monosynaptic pathways 
of the spinal cord and in sympathetic 

-d 0 
a I 

ganglia), it is possible in some circum- 
stances to modify profoundly the poten- 
tiating process without affecting the de- 
gree of P T P  of synaptic transmission as 
tested in the usual manner, namely, by 
comparison of maximal synaptic dis-
charges before and after tetanic stimula- 
tion. Jefferson and Benson (9)  have 
shown that under certain conditions the 
total relevant lnotoneuron pool may be 
discharged during maximum P T P  of the 
monosynaptic (2N) pathway of the 
spinal cord. Furthermore, at high levels 
of excitability such potentiation may be 
more than sufficient to lead to excitation 
of available motoneurons. 

Figure 1A sho\vs input-output relations 
in the 2N pathway of the spinal cord in 
the resting state (10) and during the 
period of maximum P T P  (11) a t  various 
levels of reflex excitability as controlled 
by spinal cord temperature ( 1 2 ) .  LYith 
increasing size of maximum discharges 
at rest ( Y  intercepts of curves a, b, c, and 
d )  the maximum potentiated discharges 
increase to a ceiling (curves c' and d') 
imposed by limitations on available post- 
synaptic neurons. Curves representing 
P T P  ~vi th  time after tetanus at the cor- 
responding levcls of excitability show 
that the maximum posttetanic discharges 
must be the same for all curves (c' cf';  
d', d " )  on this ceiling. 

Therefore, when the input-output 

a 2 
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Fig, 1. Various aspects of PTP in the monosynaptic pathway of the spinal cord studied 
at four levels of excitability. ( A )  Experimentally determined input-output curves at 
rest (a-d) and during the peak of PTP (af-d ' ) .  Excitability was altered by varying 
spinal cord temperature. Temperatures for curves a-d were 36"C, 35"C, 32"C, and 
30°C, respectively. Unanesthetized spinal cat, DR-VR (SI) preparation. ( B )  Curves 
illustrating time-course of PTP at the various levels of excitability. ( C )  Curves illus- 
trating distributions of synaptic thresholds for several of the curves in A, obtained by 
graphical differentiation of corresponding input-output curves. Areas under curves are 
proportional to respective discharge zones in B. ( D )  relationship between PTP ratio and 
discharge zone at rest. Values plotted are those obtained from the Y intercepts of A. 
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Fig. 2. A comparison of the ways in which changes in the potentiating process arc ex- 
pressed by input-output curves ( A )  and curves representing the time-course of PTP ( B ) .  
Two levels of excitability are shown: "Maximal" in which the potentiated discharge 
reaches the maximum over all degrees of PTP and "submaximal" in which the poten- 
tiated discharge never reaches thc maximum. The curves are generalized from 31 spinal 
cord experiments. 

curves ( A )  during PTP tend toward this 
ceiling, increases or decreases in the po- 
tentiation process, as revealed by these 
curves and reflecting changes in synaptic 
threshold ( C ) ,  may not be fully indi- 
cated by the method of testing employed 
in B. Curves expressing these relation- 
ships are shown in Fig. 2. In the "maxi- 
mal" region, changes which fail to lower 
the input-output curves froin the ceiling 
give no evidence of an alteration in P T P  
when tested in the usual manner, except 
for small changes in the time-course of 
potentiation. 

The curves of Fig. 2 are based on re- 
sults obtained in a study of the effects 
of diphenylhydantoin (Dilantin) on syn- 
aptic transmission (7, 8, 13) .  Dilantin 
has negligible effects on the level of re-
flex excitability of the spinal cord and on 
synaptic threshold at rest. On the other 
hand, the drug consistently produces a 
shift to the right in the input-output 
curves obtained during PTP. The ex-
pected decrease in PTP, however, is re- 
vealed only when testing is performed in 
the "submaximal" zone. 

In examining means of avoiding the 
pitfall just described, consider first the 
simplest situation, that in which the level 
of excitability at  rest is not influenced by 
the drug. I t  is apparent that effects of 
drugs on PTP can be assessed in three 
ways: ( i )  Input-output relations can be 
determined directly, a t  rest and during 
PTP. (ii)  P T P  may be studied in the 
usual fashion after it has been deter-
mined that testing is being carried out in 
the "submaximal" zone. If the initial 
level proves unsatisfactory (that is, in 
the "maximal" zone), then a more de-
sirable level may be found by raising the 
temperature (see, for example, Fig. 1A) 

or, alternatively, by reducing the number 
of afferent fibers subjected to stimulation. 
(iii) PTP may be tested in the usual 
way but following a tetanus with either 
frequency or duration reduced so that 
the maximum potentiated discharge is 
less than that produced by maximal te- 
tanic parameters ( 2 ) .  

A further difficulty in interpreting 
effects on PTP is introduced if the drug 
increases or decreases the discharge zone 
at  rest, inasmuch as equivalent degrees 
of PTP are not to be expected at dif- 
ferent levels of excitability (12, 14).  Fig-
ure 1D shows the relationship between 
PTP ratio and maximal discharge zone 
at  rest (pretetanic) which holds for the 
data of Fig. 1A. The  additional compli- 
cation of change in discharge zone can 
be dealt with in several ways. Qualita- 
tive statements regarding the effect of a 
drug are justified if both P T P  ratio and 
discharqe zone at  rest are influenced in 
the same direction by the drug (Fig. 
I D ) .  

For more quantitative evaluation of 
the effect of the drug it is often possible 
to vary excitability (for example, by 
changing temperature) so that the dis- 
charge zone is restored to the control 
level. P T P  may then be compared with 
the control determination. In altering 
level of excitability to restore the initial 
discharge zone the assumption is implicit 
that the procedure employed to vary ex- 
citability (for example, temperature) 
does not specifically affect the potentiat- 
ing process. The soundness of conclusions 
derived in such experiments depends on 
the validity of this assumption. 

The foregoing considerations refer 
specifically to 2N pathways of the spinal 
cord. For the most part, however, they 

apply also to sy~npathetic ganglia; the 
postsynaptic n uronll pool is limited, 
and a similar relation exists between 
PTP ratio and discharge zone at rest 
(3, 1 3 ) .  Furthermore, Dilantin reduces 
P T P  at this site only when testing is in 
the "submaximal" zone. I t  is probable 
that the considerations discussed apply 
in a general way to PTP in polysynaptic 
pathways of the spinal cord ( 4 )  and in 
all other synaptic systems in which, 
under the experimental conditions em-
ployed, limitations on efferent pool size 
exist. 

I t  is therefore apparent that drugs 
studied for modification of PTP must be 
tested in a ~nanner  capable of revealing 
an effect if one exists. In addition, if the 
agent changes the level of excitability, a 
nonspecific effect on PTP and on P T P  
ratio is to be expected. Arguments for a 
specific effect of a drug on the potentiat- 
in? process rliust take account of these 
relationships. 

DONW. ESPLIN 
D e p a ~ t m e n t  of Pharmacology, 
Cnicers~ty  of U tah  College of Medicine, 
Salt Lake City 

References and Notes 

1. 	 J. C. Eccles, T h e  Neurophysiological Basis of  
Mind (Clarendon Press, Oxford, 1953). 

2. 	 D. P. C. Lloyd, J. Gen. Physiol. 33, 147 
(1949). 

3. 	 M. G. Larrabee and D.  W. Bronk. 7. Neuro-

physiol. 10, 139 (1947). 


4. 	 V. J. Wilson, J .  Gen. Physiol. 39, 197 (1955). 
5. 	 J. C. Eccles and W. Rall, Proc. Roy. Soc. 


B138, 475 (1951). 

6. 	 C. N. Latimer, Federation Proc. 14, 19 (1955). 
7. 	 This investigation was supported by a research 


srant (B-872) from the National Institute of 

Seurological Diseases and Blindness. 


8. 	 D. W. Esplin, Federation Proc. 14, 337 (1955). 
9. 	 A. Tefferson and A. Benson, I. Neurophysiol. 


16, "381 (1953). 

D. P. C. Lloyd, ibid. 6, 143 (1943). 
W. Rall, J. Cellular Coinp. Physiol. 46, 373, 
413 (1955). 
K .  Koizumi, J. L. Malcolm, C. McC. Brooks, 
Am. J .  Physiol. 179, 507 (1954). 
D. W. Esplin, in preparation. 
W. Rall, J .  Physiol. 125, 30 (1954). 

8 October 1956 

Correction 

Two corrections should be made in the item 
"Blood groups and disease" [Science 124, 674 (12 
Oct. 1956)l which reports a paper on associations 
between blood groups and disease read to the Brit- 
ish Association for the Advancement of Science. 

The three diseases for which the evidence is 
overwhelming are (i) duodenal ulcer, (ii) gastric 
ulcer, (iii) cancer of the stomach. As is stated, the 
ulcers are commoner in persons of group 0, and 
cancer of the stomach in persons of group A. 
There is fairly strong evidence in connection with 
diabetes mellitus and pernicious anemia; but the 
incidence is raised in group A, not groups 0 and B. 

I t  should perhaps be added that practically all 
the data so far come from Western Europe and 
North America, and the associations might be dif- 
ferent or absent in other peoples. 
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