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The weight required to fracture the two femurs of the same mouse 
varied in most animals. These variations probably represent tech- 
nical inaccuracies and biological fluctuations. The differences in 
breaking strength of the 2 femurs of individual estrogen-treated 
mice averaged 207 g and of the individual controls 147 g, ranging 
from 0 to 455 and 15 to 275 g. 

The length and smallest diameter of the bones were determined by 
micrometer measurements prior to fracture. The bones of the test 
mice were approximately 1 mm shorter than those of the controls. 
The diameters were similar. All the control mice were in excel- 
lent general health. The treated mice showed the usual toxic 
effects of chronic estrogenic stimulation and most of them had 
tumors of the mammary glands, pituitary gland or both. 

Szmzmnry. The average hreaking-strength of femurs of estrogen- 
treated mice was 2499 g or S3.I g greater than that of untreated 
controls. 
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Since neither the serum antibodies nor specific neutralizing sub- 
stances in the nasopharynxl seem to present an adequate basis for 
the relatively high immunity to poliomyelitis, a further study of the 
mechanism of this resistance might be made by approaching the 
problem from the point of view of possible elements, other than the 
virus, as determining factors in establishing the infection. Is some 
symbiotic agent, a state of allergy, or an inflammatory condition of 
the mucosa with resulting increased permeability, a contributory fac- 
tor in producing clinical cases of the disease ? 

Flexner and Amoss2 reported that poliomyelitis could be produced 
successfully in nionkeys with subinfective doses of the virus given 
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intravenously, intranasally, or in the subcutaneous tissues, provided 
sterile inflammation of the meninges had been incited by the intra- 
spinal injection of normal horse serum or even an isotonic solution 
such as Ringer's or Locke's solution. They found that a simple 
lumbar puncture with replacement of the cerebrospinal fluid of one 
monkey with that from another, or the slightest hemorrhage result- 
ing from the lumbar puncture promoted infection. The controls in 
their experiments were relatively few, especially when one remembers 
the inconstancy of the methods of infection employed. 

Zwick, Seifried and \Vitte3 reported consistent success in the 
cutaneous infection of rabbits with virus of Borna disease only when 
injury to the central nervous system had been effected by the injection 
of non-specific substances such as normal rabbit or normal horse 
serum. 

Sawyer4 injected sterile starch solution intracerebrally into mice, 
thereby causing a locus of lowered resistance so that an intraperi- 
tonteal injection of a viscerotropic strain of yellow fever virus pro- 
duced an encephalitis. 'It has been suggested that the aseptic inflam- 
mation produced by these procedures increases the permeability of the 
blood-brain barrier, thus permitting virus to pass into the nervous 
tissues. 

If an increased susceptibility to intravenous inoculation can be in- 
duced by a sterile inflammation of the central nervous system, and 
i f  this change is due to an increased permeability of the blood brain 
barrier, the olfactory tract would not necessarily be involved in such 
a process. However, Lennette and Hudson5 have reported that 
section of the olfactory tracts protected against intravenous inocula- 
tion, but that a subsequent intracerebral injection of starch rendered 
the same animals susceptible to subinfective intravenous doses of 
virus. These investigators demonstrated poliomyelitis virus in the 
nasal secretions of one monkey with olfactory tract sectioned about 
24 hours after this animal had received virus intravenously, and, on 
this basis, suggested that in normal animals, even after intravenous 
inoculation, virus was excreted onto the olfactory mucosa, finally 
reaching the brain by way of the olfactory nerves. Furthermore, 
Armstrong' presents evidence that treatment of the nasal mucosa 
with picric acid protects monkeys against intravenous inoculation. 
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These findings and hypotheses led us to study anew the relation of 
sterile inflammation of the central nervous system to the portals of 
entry in the experimental disease ; some of these results were reported 
briefly at the 1938 meetings' of the Society of American Bacteriol- 
ogis t s. 

Experimental Work. Sterilc I nfltrtwmtiolz nizd Inf d o n  by the 
Intravenozts Route. In Series I. the olfactory tracts of 4 ilfacacus 
rhesus monkeys were sectioned surgically by Dr. K. E. Lemmer of 
the Departm'ent of Surgery. _After allowing an interval of 3 or 4 
weeks for recovery, sterile inflammation was produced in 2 of these 
animals by injecting 2 cc of sterile horse serum intrathecally and 1 cc 
of a 2% starch solution into the right frontal lobe of the brain; in 
Series I1 and 111, 1% starch was injected into both frontal lobes. 
Each animal then received 10 cc oi  a 5% brain-cord suspension intra- 
venously on each of 3 successive days, beginning on the day following 
the injections made for the 1)roduction of sterile inflammation. 
Those animals with a sterile inflanimation developed the experi- 
mental disease, while 3 animals 12-it 11 the olfactory tracts sectioned 
and 2 normal controls remained u-ell. 

A second similar experiment. Series 11, with intravenous injec- 
tion of 55 cc virus suspension, confirmed these results, save that 
one monkey with sectioned olfactory tracts and with sterile 
inflammation did not develop poliomyelitis. This animal had been 
used in Series I, and might, we thought at the time, have had some 
degree of immunity due to the earlier treatment. We have never 
found, however. any imniunit!- t o  actual infection as the result of 
previous unsuccessful use of monkeys in experimental poliomyelitis, 
and in this case, subseqiient iiitracerehral injection produced typical 
paralysis. 

The results of these experiments seemed quite clear: an intra- 
venous dose of virus, subinfective for 4 normal controls and 4 ani- 
mals with olfactory tracts sectioned. incited the disease in 3 out of 4 
monkeys with artificial sterile inflammation of the central nervous 
system even though the olfactory tracts were sectioned. 

In  the next experiment, Series 111, infection by the nasal route was 
blocked by 4 treatments of the nasal mucosa with 1% zinc sulphate 
at 12-hour intervals. Twentp-four hours after the last instillation 
of the zinc salt, sterile inflammation was produced in 2 of these 
animals and in 2 normal animals by the method described. Upon 
intravenous inoculation of approximately 10 cc virus suspension 
per kilo, 3 of 4 animals treated with zinc sulphate developed polio- 
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STERILE INFL-WMATION IN EXPERIMENTAL POLIOMYELITIS 235 

myelitis; the fourth died an accidental death. One sterile inflamma- 
tion control, without zinc sulphate treatment, showed no symptoms ; 
the other died an accidental death. Of the normal controls, one 
developed the disease, the other died of tuberculosis 21 days after 
inoculation. 

These results do not agree with the hypothesis that after intra- 
venous inoculation, infection is by way of the olfactory nerve. It is 
,evident that infection by the intravenous route may take place in 
animals in which the olfactory portal of entry has been blocked 
either by section of the olfactory tracts or by nasal instillation of zinc 
sulyhate, as has recently been shown also by German and Trask' and 
by Toomey.' It is apparent that a sterile inflammation of the nervous 
tissues decreases the resistance to invasion from the blood stream, but 
the results reported here emphasize that many of the factors con- 
tributing to infection or resistance to infection in the monkey are 
still unknown. Schaeffer and Muckenfuss'' have shown that the 
distribution of virus after intracerebral inoculation is a variable 
factor which may explain erratic results, particularly when small 
closes of virus are used. The distribution of starch after intracere- 
bra1 injection must show a similar variation, with a consequent 
variation in the degree of injury and inflammation produced. Nor, 
as King" recently emphasized, has it been definitely shown that the 
inflammatory procedures act solely by increasing the permeability of 
the blood-brain barrier. The injury to the nerve cells, particularly in 
Sawyer's method, may be equally important. 

Schultz12 has shown that 
after zinc sulphate treatment the olfactory mucosa is desquamated. 
Within 4 or 5 days the epithelium regenerates; but it is assumed 
that the protection, which lasts 8 to 12 weeks, persists until the ol- 
factory nerve endings are regenerated. The protective action is 
thought to be localized in the olfactory mucosa. If the increased re- 
sistance were due to some more deepseated change, it might be ex- 
pected that inflammation of the central nervous system would alter 
the effect of the zinc sulphate. 

Four monkeys, Series IV, were treated 4 times at 12-hour inter- 
vals with about 1.5 cc of a 1% aqueous solution of zinc sulphate 
introduced a drop at a time. A sterile inflammation was then pro- 
duced in 2 of these monkeys in the manner described; and all 4, 

The Local Effect of Zivtc Sulphate. 
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together with normal controls, were inoculated with poliomyelitis 
virus by dropping about 1.5 cc of a 5% milky virus suspension into 
each nostril 3 times at 12-hour intervals. All the zinc sulphate-treated 
animals with or without inflanmation, were resistant. Series V is a 
duplicate o f  this experiment. giving the same results. 

These results tend to confirni the hypothesis of Schultz that the 
action of zinc sulphate is localiz,ed in the olfactory mucosa. 

The possi- 
bility that the increase in susceptibility due to sterile inflammation of 
the central nervous system might alter the resistance of the monkey 
to infection by the gastrointestinal route suggested the next experi- 
ment, Series VT. To 2 animals with sterile inflammation and to 2 
controls, 2.5 cc o f  virus were given by stomach tube on each of 3 
successive clays. As has been 
pointed out, the increase in susceptibility due to sterile inflammation 
:)f the central nervous system may be slight: and hence, this experi- 
ment caiiiiot he regarded as definite evidence against the gastroin- 
testinal portal o f  entry. It shows merely that the inflammation was 
insufficient to cliangr the moiikey's resistance to infection in this 
experiment. 

1. Following surgical section of the 
olfactory tracts or treatment of the nasal mucosa with zinc sulphate, 
the monkey can still be infected by intravenous inoculation, whether 
or not a sterile iiiflammation of the central nervous system is pro- 
duced. 2. --In increase in susceptibility to intravenous inoculation in 
monkeys with a sterile inflammation of the central nervous system 
is iiidicated by the experiments : variation iii susceptibility in indi- 
vidual animals is always, liow-ever! an important factor. 3. The 
failure o f  sterile iiiflamniatioii of the central nervous system to alter 
the protective action of nasal treatment with zinc sulphate suggests 
that the action of zinc sulphate is localized in the olfactory mucosa. 
4. The resistance of the monkey to poliomyelitis infection by the 
gastrointestinal route was not sufficiently altered by a sterile inflam- 
niation of the central nervous system to produce the disease. 

ttrmptcd lrrfect ion by the Gn,ctroh&stinal Route. 

,411 of these animals remained well. 
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