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contraction, the electrodes must be kept close 
together (within a few cm) to eliminate the 
possibility of picking up potentials from dis- 
tant muscles. In addition, attitudinal and 
myotatic or stretch reflexes from improper 
positioning must be avoided when resting 
muscle is being sampled for contraction. This 
often requires that the subject recline with the 

face in the midline and with the knees and 
arms slightly flexed, in a position of absolute 
comfort. 

On the basis of these observations, it is evi- 
dent that reports dealing with electromyo- 
grams should describe the type and placement 
of electrodes and the positioning of the subject. 
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Effects of Morphine, Nembutal, Ether, and Eserine on Two-Neuron 
and Multineuron Reflexes in the Cat. 
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I n  the spinal cat, small doses of morphine 
(5  mg per kg) cause diminution in the ampli- 
tude of the flexor reflex, but leave stretch re- 
flexes unaffected or slightly enhanced.l This 
differential action has now been investigated 
by a study of effects on transmission through 
two-neuron and multineuron reflex arcs in the 
spinal cat, since it is known that stretch 
reflexes traverse the forrnerp while reflexes of 
cutaneous origin traverse the lattel.3 pathway. 
The effects of morphine have been compared 
with those of nembutal (sodium ethyl, 1- 
methyl-butyl barbiturate), ether, and eserine 
(physostigmine salicylate) . 

Methods. The experiments were performed 
on adult cats that had been made spinal at  the 
first cervical segment under ether anesthesia. 
Respiration was maintained artificially and 
full recovery from the anesthesia was attained 
before making the study. The lumbosacral 
spinal cord was exposed by laminectomy and 
monophasic leads were taken with chlorided 
silver electrodes from ventral roots L7 and SI 
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severed from their peripheral connections. The 
nerves to the gastrocnemius muscle, the surd, 
and one or both branches of the common 
peroneal nerve were exposed in the ipsilateral 
hindleg, crushed distally and placed on chlor- 
ided silver wire electrodes for stimulation. 
All exposed nerve tissue was covered with 
parafin oil at a temperature of 38°C. Heat 
was applied to the animal externally. In  some 
experiments, stimulating electrodes were placed 
on ipsilateral dorsal roots; in others, reflex 
responses were recorded from a peripheral 
nerve. Stimulation was effected by single 
condenser shocks supramaximal for A fibers. 
Action potentials were recorded photograph- 
ically by means of an amplifier and cathode 
ray oscillograph. Ether was administered 
through the artificial respiration airline by 
means of a bottle with a regulating valve. The 
other drugs were freshly prepared (aqueous 
solutions) and injected intravenously. 

Results. A. Morphine. Small doses (5 mg 
per kg) of morphine sulfate regularly en- 
hanced reflex discharges through two-neuron 
arcs and depressed those through multineuron 
arcs (Fig. 1). These effects appeared in from 
2-15 minutes and persisted for several hours. 
Larger doses of morphine (15 mg per kg) de- 
pressed also the two-neuron arc discharges in 
experiments in which the reflex was from pe- 
ripheral nerve to ventral root. The most note- 
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F I G .  1. 
Effccts of  morphine (5 mg per kg i F) on rrflex discharges into rrntral m o t  L, 

i n  spinal cat, on stimulation of periphrral nrrres by single condenser shocks. 
A. Two-neuron ar (3 reflcs from gastrocnrniius ncrvc. B. Two-neuron and multi- 
neuron are reflrx from deep peront.:il i i m  e. ('. Multinruron are reflex from sural 
nerve. A', H', (.". rorrrspondiug 1 (flex discliargrs 24 niiiiutt.s after injection of 
morphinc. S o t e  riiliauvc~nient of t v  neui'oii iind dcyression of niultineuron rcflex 
arc discharges. 

worthy effect of the large doses, however, was 
on the multineuron arcs. Following the 
initial depression of the reflexes over these arcs 
there regularly followed, after 1.5-2 hours, an 
enhancement of the discharge. 

FoIlowing the injection of 
nembutal, depression of reflex discharges over 
both two-neuron and multineuron arcs was 

B. Nem6utaZ. 

observed, regardless of dose. Previous hjec- 
tion of eserine or morphine plus eserine did 
not alter the relationship of the depression 
with respect to the two forms of reflex dis- 
charges. 

C. Ether. During induction of ether anes- 
thesia, both two-neuron and multineuron re- 
flex arc discharges were progressively de- 
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FIG. 2. 
I. Esrrine a8 the first agcnt. A. Two-neuron and niultineuron reflexes from derp 

peronenl nerve. B. b1ultheuion arr reflex from sural nerve. A', B', corrrsponding 
reflex arc dischargcs 22 minutes after injection of eserine (0.25 mg per kg). 

11. Eserine, after morphine (5  mg per kg) had enhanced the two-neuron reflex and 
further depressed the multineuron reflex in a spinal cat in which both reflexes had 
previously been depressed by ncmnbutal (0.24 mg per kg). A. Two-neuron reflex 
from gastrocncmius nerw. B. Multineuron reflcx from sural nerve. A', R', correspond- 
ing reflcx dischargrs 7 minutcs after injcction of escrine (0.25 mg per kg). Xote 
enhancrment of both two-neuron and multineuron reflex arc discharges. 

pressed, the latter somewhat more rapidly than 
the former. 

D. Eserine. Following the injection of 
eserine (0.25 mg per kg), two-neuron arc re- 
flex discharges were regularly enhanced, while 
the multineuron arc discharges were little 
affected. If, however, eserine was injected 
after morphine, or nembutal plus morphine, 
both two-neuron and multineuron arc 
discharges were enhanced simultaneously, 
(Fig. 2. ) .  

Discussdon. Although morphine, ether, and 

nembutal alike have the power, in the cat, to 
depress spinal reflexes traversing multineuron 
arcs, gradation of dose serves clearly to differ- 
entiate morphine from the other two agents. 
Large doses of morphine augment the dis- 
charges over multineuron arcs, while large 
doses of ether and nembutal produce further 
depression. Additional differentiation appears 
in the action on two-neuron arc discharges. 
Morphine, in small doses that depress the 
multineuron arc discharges, regularly increases 
the two-neuron arc discharge. An increase of 



196 HYPERTENSIN DESTRUCTION BY OXIDIZED CYTOCHROME 

this sort was not observed after administra- 
tion of any dose of ether or nembutal. Eserine, 
on the other hand, does enhance two-neuron 
arc discharges. This is in accord with the 
excitant action of eserine on the knee jerk re- 
ported by Schweitzer and Wright." If the two- 
neuron arc discharges have previously been 
enhanced by morphine, they are still further 
enhanced by a subsequent injection of eserine. 
Multineuron arc discharges in previously un- 
treated preparations are little affected by 
eserine. If, however, eserine is injected after 
the multineuron arc discharges have been de- 
pressed by morphine, enhancement of these 
discharges occurs-an effect similar to that 
exerted by large doses of morphine. 

Szmmauy. 1. In the spinal cat, small closes 
- - - - - - - - - - - - . . . - - 

4 Schweitxer, -4., and \Vright, S. A., J. Plt~y.~fo/. ,  
1937, 89, 165. 

of morphine ( 5  mg per kg) enhanced two- 
neuron arc reflex discharges and depressed 
those traversing multineuron arcs. After the 
injection of larger doses (1 5 mg per kg), de- 
pression of multineuron arc discharges was 
followed by enhancement of these discharges. 

2.  Nembutal depressed both two-neuron 
and multineuron arc discharges. These effects 
were unaltered by previous injection of eserine 
or morphine plus eserine, and increased 
progressively with the dose of nembutal. 

3 .  Ether depressed both two-neuron and 
multineuron reflex arc discharges. 

4. Eserine enhanced two-neuron arc dis- 
charges, but had little effect on multineuron 
a rc  discharges. If, however, morphine had 
been injected previously, resulting in enhance- 
ment of two-neuron and depression of multi- 
neuron arc discharges, eserine caused enhance- 
ment of both types of reflex arc discharges. 
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The level of hypertensin in blood plasma 
depends on the relative velocity of its produc- 
tion and destruction reacti0ns.l 
I. Xenin + I-Iypcrtensinogcn-~II~pertcnsin 

(Anaerobic reaction) 
p protease)-+Amino Acids 

(Anaerobic reaction) 
\ (0xidase)-+ X 

(Aerobic reaction) 

Under certain conditions, the first reaction 
is inhibited by some substances found in 
Vitamin A concentrates12 and by some qui- 
nones, as methylnaphthoquinone that can stop 
it completely."~* 

So far, the second reaction has been con- 
sidered to depend on an anaerobic proteolysis 
only. In  fact, most of the organs, mainly the 
intestinal mucosa, the kidney and the liver 
destroy hypertensin at different speeds. In 
vitro it has been found that hypertensin is 
destroyed by renal and intestinal proteinase,: 

I. Hypertensin + Enzyme 

by an amino polypeptidase found in renal ex- 
tractsG and in blood plasma,7 by tyrosinases 
and by carboxypolypeptidase? 
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