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at various times during life and found to 
contain living gonococci. 

The lesion produced in the 
anterior chamber of the rabbit’s eye by the 
introduction of gonococci is regarded as a 
genuine infection for the following reasons: 
Viable gonococci were recovered from 9376 
of the inoculated eyes at  the end of 24 hours 
and from 3976 at the end of 7 days. The 
inoculated gonococci were found to invade the 

Discussion. 

neighboring tissues (lens and ciliary body) 
and definite evidence of multiplication was 
obtained. The infection could be transmitted 
in series by transfer of a drop or two of 
aqueous humor, but this method of animal 
passage was impracticable for routine experi- 
mental purposes, because contaminants could 
not be detected until after the transfer had 
been made. In  approximately % of the 
inoculated animals the infection became 
chronic and persisted until the end of the 
longest period of observation which was 14 
weeks. 

This infection has been found to lend itself 
to the study of local and systemic therapy of 
gonococcal infection and to the testing of 
gonococcidal agents in vivo. 

Summary. A method is described for the 
production of a localized gonococcal infection 
in the rabbit’s eye by inoculating gonococci 
into the anterior chamber. Gonococci were 
found to invade the tissues of the eye, to 
multiply there and to produce severe inflam- 
matory reaction. In  approximately of the 
animals the infection became chronic and 
viable gonococci persisted as long as 14 weeks, 
the maximum period of observation. 

The, authors are indebted to Dr. Arlington C. 
Krause and Dr. Xaurice J. Drell of the Depart- 
mrmt of Surgery for many helpful suggestions. 
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Influence of Muscle Pain on Electrical Resistance of the Human Skin.” 

M. B. THOMPSON AND ERNST GELLHOBN. 
From the Laboratory of Neurophysiology, Department of Physiology, University of Minnesota, 

Minneapolis, Ninn. 

I t  was shown in a series of investigations greatly influences the somatic nervous system 
from this laboratory1-+ that muscle pain at  spinal and supra-spinal levels. Autonomic 

changes occur also under these conditions as 

based on an inhibition of the tone of the third 
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nerve nucleus." Although the sympathetic 
innervation of the pupil remained unchanged 
it seemed likely that other structures might 
reveal signs of altered sympathetic innerva- 
tion under the influence of muscle pain. The 
experiments reported in this paper give posi- 
tive evidence for this assumption. 

Method. Sixteen normal adults served as 
subjects in this series. The skin resistance of 
the left hand and in some experiments of face 
and foot was determined by the method of 
Richtere,' and the area of low resistance was 
mapped out. Thereafter the right forearm 
and hand or the right lower leg were made 
ischemic by means of a blood pressure cuff 
applied above the elbow or knee and inflated 
to a pressure of 200  mm Hg. In other experi- 
ments a tourniquet was applied to the 
shoulder. After the effect of ischemia on the 
low resistance area had been determined 
ischemic pain was induced by repeated move- 
ments of the ischemic muscles (Lewiss) or, 
in a few instances, by immersion of the 
ischemic hand and forearm in water of 115°F 
(Harpuder and SteinD). As soon as pain 
became manifest the area of low skin resistance 
was again determined. As was pointed out in 
previous papers the pain disappeared almost 
immediately upon restoration of circulation. 
-4 second control experiment was performed 
about 10 minutes after cuff or tourniquet had 
been removed. 

Results. The results are best described by 
reproducing the actual records of a typical 
case. Fig. 1 shows that the low resistance area 
is restricted on the volar surface of the hand 
to the tips of the fingers and thumb, and to a 
small part of the hypothenar eminence. 
Ischemia does not alter the boundaries of the 
low resistance area, but under the influence of 
ischemic pain originating in the right biceps 
the low resistance area covers the greater part 
6 Ury, B., and Gcllhorn, E., J .  Sezrropkysiol., 

6 Richter, C. I'., and Woodruff, H. G., Bicl2. Johns 
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8 Lewis, T., Poin, N.Y., 1942. 
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h,b, C d C 
Effect of ischemic pain in the right biceps on tlic 

skin resistance of the lrft hand: (a) control: (b) 
ischemia of the right arm, shows this samc urea of 
low reRistanre; (c)  ischemic! pain of riglit biceps, 
shows extcnsion of low resistance arm; (d) con- 
trol, 10 minutrs aftrr rrstoration of cirrulation, 
shows the same low rceistanec arcs as in a. 

of the volar surface of hand and fingers. A 
control experiment performed about 10 min- 
utes later shows that the effect is completely 
reversible. 

Such experiments were carried out on sev- 
eral persons 2 to 4 times with very similar 
results. The area of low resistance was very 
constant in spite of the fact that, in some 
instances, several weeks had passed between 
the individual experiments. The effect of pain 
showed only slight quantitative variations in 
the extent of the low resistance area. 

Fig. 2 shows the effect of ischemic pain 
induced in the right foot on the skin resistance 
of the left hand on the same subject. Under 
these conditions the area of low resistance is 
extended to the greater part of the volar sur- 
face of hand and fingers and to the flexor 
surface of the forearm up to a line about 10 cm 
above the wrist. 

Experiments on other subjects confirm these 
results, showing that the volar surface of the 
fingers, palm, and forearm are the areas which 
are involved in decreasing degree in conditions 
of muscle pain. 

These effects are likewise observed if the 
ischemic fingers or hand and forearm are 
immersed in water of 115°F. Harpuder and 
Stein state that pain is largely of cutaneous 
origin if the fingers alone are immersed but 
that cutaneous and muscle pain are evoked 
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C 
Tho effect of ischemic paiu in  the right foot on the skin resistance of 

tho left hmd:  (a) control; (b )  isolirmis, sliows the same distribution of low 
resistance area except for  a small area appearing on the hypothenar; 
(c) ischemic pain of right foot, shom iiierease in  loir resistance area of left  
liand; (a)  control, 10 miiiutcs aftcr restoration of circulation, shows that 
lnw resistance area IS the s:inie as in (a). 

i 
a.b. C d  C 

I 
Nffect of isrhemic pain (arm) 011 the skin resistancr of thr 

face: (a )  control: (b) ischrmia of rieht arm. tlic low resistance - ,  I \ I  0 

area remains unchanged; (c) ischemic pain of right arm, l n w  
reuistancc area of face incroasrs sliglitly: (d) rontrol, 10 minutes 
aftrr restor:ition of eircwhtiou, low rrsistance mca as in ( a )  
and (h).  

if hand and forearm are immersed at the 
same time. Other skin areas may likewise 
be involved, but to a much smaller degree 
than the volar surface of the hand. Thus, in 
some instances it was found that an area of 
low resistance appeared on the dorsum of the 
hand, and in another subject, the low resist- 
ance area extended on the flexor side up to 
the shoulder. On the d,orsal and plantar 
surface of the foot appeared after pain small 
areas of low resistance which were absent 

under control conditions and during the period 
of ischemia. Changes in the resistance of the 
skin of the face were slight in spite of the fact 
that vasomotor effects (flushing) were quite 
common as a result of pain. The effect con- 
sisted in a slight enlargement of the area of 
low resistance observed under control condi- 
tions and in the appearance of additional areas 
formerly showing relatively high resistance 
(Fig. 3 ) .  

Discussion. According to the investigations 
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of Richter and collaborators the area of low 
resistance in the skin is related to sympathetic 
innervation and to the distribution of sweat 
glands. These areas expand in conditions 
associated with increased sympathetic activity 
such as muscular exercise and emotional 
excitement, and decrease in sleep. Cold 
and warm tub baths respectively decrease 
and increase the size of the low resistance 
area. I n  the light of these observations 
the reversible enlargement of the areas of 
low resistance under the influence of muscle 
pain indicates that the latter increases 
sympathetic discharges. This effect is like- 
wise observable under conditions of cutaneous 
pain. There is, however, another interpreta- 
tion possible which could point to the relation- 
ship between these effects of pain and emotion 
and attribute to the emotional disturbances 
induced by pain the changes described in this 
paper. This objection is held invalid for two 
reasons: first, the persons on whose experi- 
'mental records this investigation is based were 
selected from a larger group because of their 
emotional stability and low sympathetic ex- 
citability as indicated by the size of the low 
resistance area of the skin. Richter mentions 
that the low resistance -area comprjses .the 

whole volar surface of the skin. We fin& this 
to be true only for rather excitable persons 
who were excluded from this series for this 
reason. Secondly, the experiments were per- 
formed repeatedly on the same subjects with 
very similar results although emotional dis- 
turbances would be apt to decline on repetition. 

Richter points out that the distribution of 
the low resistance area in the skin does not 
reflect either the distribution of peripheral 
nerves or that of spinal dermatomes, but rather 
that of cortical patterns of autonomic innerva- 
tion. This statement seems to be valid for the 
changes seen as a result of muscle or cutaneous 
pain. I t  is of interest to mention in this con- 
nection an earlier investigation which demon.: 
strated an increased responsiveness of the 
motor cortex to electrical stimulation as a 
result of muscle pain.l 

Summary. Muscle or cutaneous pain 
induced by movements of muscles in ischemia 
or immersion of ischemic fingers in hot water 
increases the area of low resistance of hand; 
forearm, and face ,reversibly. The effects 
indicate increased sympathetic discharges-. 
The pattern suggests the involvement of supra- 
spinal mechanisms. 
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Increased Germicidal Efficiency of Iodine in the Presence of an Oxidation- 
Reduction System. 

A. J. SALLE. 
From the Department of Bacteriology, Urduersity of California, Los d-ngeles. 

In a previous communication1 it was shown 
that inorganic salts of iron, manganese, and 
tin, when tested individually, exhibited very 
little or no germicidal activity against the test 
organism Staphylococcus aureus. However, if 
an oxidized and a reduced salt, such as ferric 
and ferrous sulfates, were dissolved in water 
to form an oxidation-reduction system, the 
solution exhibited a pronounced germicidal 
action. The phenomenon was shown to be a 

1 Guest, Howard L., and Salle, A. J., PROC. Soc. 
EXP. BIOL. AND MED., 1942, 81, 272. 

function of the positive metallic ions; the 
negative ions apparently played no part in the 
reaction. For example, a mixture of sodium 
sulfate and sodium sulfite exhibited no increase 
in germicidal activity over that of the same 
salts tested individually. 

The salts must be combined in certain 
definite proportions for maximum germicidal 
activity to occur. In the case of the chlorides 
of iron, the most effective germicidal activity 
occurred when the salts were mixed in the pro- 
portion of two moles of ferric chloride and one 




