
vided with electric feed-throughs for 
stimulating, voltage recording, and ther- 
mocouple leads. The  nerves were kept 
moist by placing gauze spo-nges that had 
been soaked in Ringer's solution over the 
~ l a s t i cblock. 

Usually the nerves were continuously 
stimulated throughout an experiment at 
20 pulses/sec, 0.1 msec duration, begin- 
ning as soon as the chamber was sealed. 
Stimulus strength was just supramaximal 
for alpha fibers (generally 0.5 v ) ,  and 
the amplifier was adjusted so that the 
amplitude of each nerve action potential 
was displayed initially at 77 mm on an 
oscilloscope. 

Control and experimental nerves were 
unpaired and selected at  random, and 
the spike amplitude was measured every 
5 minutes. After an observation period 
of 30 minutes, the chamber was flushed 
with the gas being investigated for 2 min- 
utes, sealed, and brought to pressure in 
5 to 10 minutes. Experiments were con- 
ducted at  two levels, 1 and 12 atrn 
(gage). The temperature during com-

voltage was increased approximately 100 
percent ( to  about 1 v )  so that the pre- 
compression spike amplitude was ob-
tained, the nerves were blocked in the 
same fashion as ones at  12 atrn of oxygen 
but with a significantly shorter latent 
period ( p  < 0.01 ). Mean time for block 
with 5-percent C0,-95-percent 0, 
mixture at 12 atrn was 3 hours, com-
pared with 4.5 hours for oxygen at 12 
atm. Evidence uas  obtained that hyper- 
oxic conduction block occurs at  10 atm 
and lower pressures with longer latencies, 
but a complete spectrum of pressures 
was not investigated. 

As in oxygen poisoning of muscle ( 3 ) ,  
peripheral nerve usually shows a par-
tial recovery from hyperoxic conduction 
block when it is returned to air at 1 
atrn provided that the block is not main- 
tained more than a few minutes. No 
complete recoveries occurred in our 
series. Nerves in which conduction was 
blocked by 5-percent C0,-95-percent 
0, showed partial recovery sooner 
(within 10 minutes) and more com-
pletely upon decompression than those 
that were blocked by oxygen alone. 

Nerve activity resulting from continu- 
ous stimulation neither seems to modify 
nor to be essential for the production of 
conduction block. A group of nerves was 
exposed to 12 atrn of oxygen and stimu- 
lated every 30 minutes (for no more 
than 30 sec, just long enough to measure 
the spike amplitude). A second group of 
nerves was exposed to 12 atrn of oxygen 
and continuously stimulated. No signifi- 
cant difference was observed between the 
two groups with respect to the time 
course of conduction block. 

H~peroxic conduction block in nerve 
may result from a direct toxic action of 
oxygen on the oxidative processes that 
are essential for maintenance of the 
membrane potential and impulse trans- 
mission. Inactivation of thiol (-SH 
group) enzymes (6) by increased for-
mation of oxidizing free radicals ( 7 )  is 
a recently advanced explanation of this 
direct toxicity. 

I t  has been reported that carbon di- 
oxide decreases the latency of central 
nervous system manifestations of O H P  
( 8 ) , and it is interesting to note that it 
also decreases the latency of hyperoxic 
conduction block in peripheral nerve. 
Whether its efficacy in potentiating the 
block consists in changing the pH, in-
creasing the membrane permeability, or 
involves some more obscure mechanism 
remains unknown. As yet, there is no 
evidence that O H P  produces conduc-
tion block in the central nervous system, 
but hyperoxic conduction block may 
well play a role in the neural insult 
that initiates hyperoxic convulsions. The 
length of exposure and the pressure re-
quired to produce even mild nerve block 
in these experiments are greater than 

SCIENCE, VOL. 123 

Fig. 1. Photomicrograph of a pollen grain 
of Ejhedra, found as fossil in Pleistocene 
deposits on Banks Island. Longest axis of 
the pollen grain measures 48 p. 

Phytogeographical studies also would 
benefit by further palynological investi- 
gations, for these investigations greatly 
help to trace the migrations of plants 
during the past. 

J. TERASMAEpression never increased more than 3OC 
McMaster University, 
Hamilton, Ontario 
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Conduction Block in Peripheral 
Nerve Produced by Oxygen 
at High Pressure 

Paul Bert demonstrated inexcitability 
of frog sciatic nerve-muscle preparations 
that were exposed to 15 "superoxygen- 
ated atmospheres" for 2 hours ( I ) .Hill 
and Macleod (2 )  and Bean and Bohr 
(3) extended these studies, confirming 
the toxic action of oxygen at high partial 
pressure ( O H P )  on the nerve-muscle 
preparation. Since the toxic effects noted 
in the nerve-muscle preparations (pro-
gressively decreasing contractile response 
to stimulation of the nerve and disap- 
pearance of the treppe phenomenon) 
could be attributed to either muscle, 
myoneural junction, or nerve dysfunc-
tion, singly or in combination, they offer 
no proof of neuronal poisoning by OHP. 
Accordingly, we have investigated the 
effects of O H P  on peripheral nerve alone 
as a functioning unit. 

Twenty-six experiments were per-
formed on frog sciatic nerve. The nerves 
were excised, placed in a phosphate-buf- 
fered Ringer's solution ( 4 ) ,  and sus-
pended 1 hour later on an array of sil- 
ver electrodes in a plastic block. This 
was placed in a pressure chamber (2  in. 
in diameter by 4 in. long) that was pro- 

and returned to precompression levels 
within 5 minutes. Figure 1 illustrates the 
extent of conduction block produced in 
peripheral nerve by pure oxygen under 
these conditions (complete conduction 
block being defined as the absence of the 
action potential in a nerve when stimu- 
lated with the initial electric stimulus 
parameters). 

A standard t test (5) for significant 
differences in the means of the two 
groups (6  control and 9 experimental 
nerves) indicated that p < 0.02 at 3% 
hours and p < 0.01 at 4 hours. 

In  a series of nerves exposed to a 
5-percent C0,-95-percent 0, mixture, 
the stimulus threshold rose immediately 
upon compression; but if, after the 
chamber reached 12 atm, the stimulus 

O2 1 ATM 

\ 	0, 12 ATM 

HOURS 

Fig. 1. Time course of conduction block 
~roduced in frog sciatic nerve stimulated 
with 0.5 v, 0.1-msec duration, 20/sec
pulses in 12 atrn of oxygen, compared with 
controls in 1 atrn of oxygen that were 
stimulated in the same fashion. Spike am- 
plitudes are mean values. 



those required to produce hyperoxic seiz-
ures, but it is conceivable that conduc-
tion deficiencies mav d e v e l o ~  more 
quickly and with lower pressures of oxy-
gen in tissue with a circulation. 

Oxygen at  high pressure (12 a tm)  
produces conduction 'block in frog pe-
ripheral nerve. The block is partially 
reversible if it is not maintained more 
than a few minutes. The block caused 
by 5-percent C0,-95-percent 0, has a 
shorter latency, and its reversibility is 
more pronounced than that of the block 
produced by oxygen alone. The presence 
or absence of activitv in nerve caused 
by continuous stimulation does not affect 
the time course of hyperoxic conduction 
block (9) .  

PHANORL. PEROT,JR. 

S. N. STEIN 
Physiology Division, Naval Medical 
Research Institute, Bethesda, Maryland 
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Basis for After-Discharge 
in the Median Giant Axon 
of the Earthworm 

The  ventral nerve cord of the earth-
worm (Lumbricus terrestris) contains 
three giant axons, many smaller nerves, 
and a complex neuropile. The giant 
axons are endowed with many synapses 
that range from endings of smaller nerves 
on the giant axons to the segmental trans-
verse septa that interrupt the substance 
of the latter ( I ) .  Because of this abun-
dance, the giant axons are interesting 
material for the studv of some funda-
mental properties of interneuronal rela-
tionship (2).  

Isolated ventral nerve cords were im-
mersed in an earthworm saline ( 3 )  and 
stimulated with a pair of surface elec-

trodes. Responses were simultaneously 
recorded with a pair of electrodes on 
the entire nerve cord and one or two 
prefilled capillary microelectrodes (4 )  
in the median giant axon. Action poten-
tials recorded from the intracellular loci 
ranged from 80 to 100 mv; these were 
25 to 35 mv beyond the resting poten-
tial of 50 to 70 mv. Svaetichin (5)  has 
reported the same limits for the resting 
potential obtained with an axially in-
serted microelectrode. 

At room temperature of 19' to 24OC, 
the internally recorded spike lasted 1 
msec, but it was followed by a slight 
negativity that persisted for about 4 msec. 
Occasionally, with one brief stimulus, 
two or more responses occurred. The 
first direct response to the shock rose 
rapidly, while the later ones were often 
preceded by a prepotential that rose 
more slowly. The nature of the repeti-
tive discharge could be resolved by ap-
plying two brief shocks in rapid succes-
sion. The second response elicited in the 
relative refractory period was followed 
by a sequence of small and additive po-
tentials. These were highly variable in 
number, amplitude, frequency, and time 
and site of occurrence. 

Figure 1 illustrates a case in which 
activity was recorded from three sites of 
a preparation. The entire nerve cord was 
stimulated at  one end, and impulses were 
recorded from the other end with exter-
nal electrodes. Two microelectrodes, 11.3 
mm apart, were placed in the median 
giant axon in a stretch between the sur-
face electrodes. Response to the first stim-
ulus, which was threshold for the median 
giant axon alone, was recorded earliest at 
the two microelectrodes and, after the 
appropriate conduction time, on the ex-
ternal leads. The strong second stimulus 
that was applied in the relative refrac-
tory period reexcited the axon, but the in-
ternally recorded responses were smaller 
and the externally recorded response was 
markedly delayed. The external trace, 
but neither internal trace, also regis-
tered the spike of the lateral giants 
evoked by the strong stimulus. The trace 
of one of the microelectrodes, however, 
remained elevated above the base line 
and carried nurnerws small peaks. The 
trace of the other had only a brief addi-
tional potential soon after the spike. 
About 7 msec after the second stimulus 
another spike developed in the giant 
axon. Since the small potentials began 
during the absolute refractory period of 
the giant axon, they could not be pro-
duced by the same mechanism respon-
sible for the electrically excitable spike. 
Owing to their local nonpropagating 
nature, low amplitude, frequency of 
repetition, and additiveness, these poten-
tials are probably synaptic, developing 
at the terminations of small nerve fibers 
on the giant axon. This junctionally 

Fig. 1. Simultaneous recording from three 
sites of the nerve cord (external leads) 
and median giant axon (internal micro-
electrodes). The upper trace is the ex-
ternal recording, which is also the base 
line for the resting potentials. The latter 
are 72 and 74 mv; spike heights are 98 
and 110 mv. The distance between the 
stimulating cathode and proximal mimo-
electrode was 8.5 mm; between the micro-
electrodes, 11.3 mm; and between the 
distal microelectrode and the first external 
lead, 3.5 rnm. The two directly coupled 
beams are not coincident. Time 1000 
cycles. 

elicited postsynaptic activity of the med-
ian giant axon is then responsible for 
reexciting the fiber. 

Other evidence indicates that the ac-
tivitv of the small nerve fibers that excite 
the giant axon synaptically are them-
selves initiated, at least in part, by prc-
vious activity of the giant axon. Thus, 
small fiber activity, as well as synaptic 
potentials and late all-or-none dis-
charges, disappears when the second 
stimulus is applied during the absolute 
refractory period of the giant axon. The 
evidence, therefore, suggests the presence 
of a closed circuit containing efferents 
from and afferents into the median giant 
axon. I t  also indicates that "reentrv" is 
an important factor in the after-dis-
charge following a brief stimulus to this 
preparation. 

C. Y. K.40" 

Department of Ph1,siology and 
Pharmacology, State University of hrcw 
York College of Medicine, Brooklyn 
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