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CHAPTER I

A REVIEW OF THE LITERATURE CONCERNING 
THE EFFECT OF VARIOUS HORMONES 

ON RESISTANCE TO INFECTION,
AND AN INTRODUCTION TO 

THIS PROBLEM

Infections and contagious diseases were known 
long before their causative agents were brought to light.
Of necessity this fact hindered greatly the treatment 
and particularly the prevention of disease. With the dis
coveries of protozoa, bacteria, fungi, and finally viruses, 
and their intimate relationship with infectious diseases, 
it has been more simple to devise therapeutic and prophy
lactic measures for the control of these agents.

Yet this was only the first great step in the 
right direction. Many instruments had to be developed 
along with as many techniques to operate them. Hundreds 
of theories remained to be proved or disproved, and most 
of all, discoveries of agents capable of combating infec
tions, and the production and usage of such agents were 
of paramount importance.

Among the many and varied principles studied in 
this connection, three have been found to be of increasing 
importance. They are vitamins, enzymes, and hormones.
These have been so intrinsically bound to the physiology 
of man, that the manner in which infectious agents affect



them and, conversly, how they affect these same agents 
have been matters for concentrated investigation.
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While all three of these factors are of the 
greatest necessity in the malntainance of mammalian life, 
only the group called hormones will be discussed here.
An attempt to show the role of hormones in resistance to 
various infections will be undertaken.

Hormones are the end products of the endocrine 
glands. They are produced by specialized body cells in 
these glands and secreted into the blood stream where they 
are meted out, so to speak, to the cells of the organism 
which in turn are enabled to perform specialized physio
logical functions.

The mode of action of hormones is one of regula
tion of the rate or end point of biochemical or physio
logical reactions. Their potency is such that only trace 
amounts are required for the exercising of their duties.

Hormones of the Adrenal Cortex 
and Resistance to Infection

The suprarenal glands have been shown to play a 
major role in maintaining the natural resistance of an 
individual to infections by bacteria and protozoa.

Explanations of this fact have been put forth.
Some workers claimed that the adrenal cortical hormones 
had a direct detoxicating ability. This theory, however,
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has been largely discarded. Wenner and Gone (l) favored 
the theory that in bacterial infections, if cortical ex
tracts were administered, increased activity of leuco
cytes occured and the opsonic power of the serum was en
hanced. They supplemented this theory with reports on 
upper respiratory infections. In all cases studied, 
treatment with adrenal cortical extracts resulted in a 
lowering of temperature, lessening of fatigue and in
creased ability to withstand operative procedures.

Later, Zwemer and Jungeblut (2) influenced the • 
resistance of normal guinea pigs to diphtheria toxin by 
administration of adrenal cortical extract. They reported 
that under certain conditions the administration of a 
large dose of cortical extract may protect the guinea pig 
against more than one MLD of diphtheria toxin.

Even in such infections as tuberculosis, extracts 
of the adrenal cortex were beneficial. Pottinger and 
Pottinger (3) observed that extracts from this source ex
ert an inhibiting influence on tuberculous infections 
in guinea pigs. They pointed out that the life span of 
the treated animals exceeded the untreated controls, and 
the infection was milder and less extensive in the treated 
guinea pigs.

The importance of the clinical use of salt and 
extract of the adrenal cortex in the treatment of Addi-
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son’s disease was stressed by tfreene (4.) . It is men
tioned here because this affliction is caused by tuber
culosis of the adrenal glands in the majority of cases.
The beneficial effect of the hormonal treatment however, 
seems to be a result of the restoration of the electro
lyte balance by means of a replacement of sodium and 
chloride ions and an elimination of potassium ion, 
rather than exerting an inhibiting action on the causa
tive organism in cases where tuberculosis of the adrenal 
gland is responsible for the condition.

Majib (5) reported that in fifteen cases of 
enteric fever, which included seven typhoid and eight 
paratyphoid, which were treated with intravenous injec
tions of extracts of the adrenal cortex plus vitamin C, 
all but one case showed immediate improvement. He also 
claimed similar good results from three cases of Escher
ichia coli infection.

Consentino (6) found that favorable results were 
obtained with rabbits infected with Staphylococcus aureus 
and treated with injections of adrenal cortical hormones 
provided treatment and infection began together.

Some beneficial results were demonstrated in 
guinea pigs injected with Clostridium welchii into crushed 
muscle and treated with adrenal cortical hormone by Kepi, 
Caldwell, and Ochsner (7). They noted that guinea pigs
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with Clostridium welchii alone usually die in twenty- 
four hours with an infecting doses of 0 .1 ml. of twenty- 
four hour broth culture. However, when adrenal cortical 
extract was given these animals over various lengths of 
time, death was delayed, and about 4-5c/o of the animals 
survived.

Jacobs (3) in treating fifteen patients afflicted 
with Hemophilus pertussis reported excellent results 
with adrenal cortical extract therapy. He gave repeated 
doses of 1/2 to 1 ml. of this extract and found that the 
severity and duration of whooping courgh in these patients 
was markedly dimished.

Evidence that the adrenal cortex plays a role in 
an infection was submitted by uiroud, tiiroud, and 
Martinet (9). They demonstrated that in all the animals 
they intoxicated with tetanus or diphtheria toxin, the 
hormone content of the adrenal cortex diminished by one- 
half or even two thirds.

Tollmer and Gillmore (10) injected 200 Swiss 
mice with Type I pneumococcus. Of these, they treated 
100 with 0 .5 ml. of whole adrenal cortical extract two 
hours before and seventeen hours after inoculation. The 
controls died in eight days but 22c/o of the treated 
animals survived.

It has been shown by Caniggia and Bolognini (11)
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that in rabbits, allegedly small doses of desoxycorticos- 
terone increased, while large doses diminished the pro
duction of agglutinins against typhoid bacilli.

Administration of excessively high doses of cor
tisone into mice (such as fifty times the human dose) may 
produce exhaustion of protective mechanisms including 
antibody formation, reports Antopol (12). This seemed to 
be evidenced by a frequency of Corynebacterium pseudotu
berculosis murium infection in such treated animals.

In studying the effect of cortisone on the patho- 
genisis of tuberculosis, Lurie and co-workers (13) found 
that in rabbits previously treated for three days with 
this hormone and then subjected to inhalation of viable 
human tubercle bacilli, four times as many tubercles 
were present in the lungs of these rabbits as in control 
rabbits. However, the size of the tubercles in the lung 
and their spread, underwent striking reduction in the 
cortisone treated animals, and the caseation in the tu
bercles of these animals was greatly increased as com
pared with the control animals. These workers explain 
this by an increased phagocyte activity induced by corti
sone which prevented the tubercle bacilli from going far 
from the site of the infection.
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The Hormone of the Adrenal Medulla 
and Resistance to Infection

Adrenaline or epinepharine does not seem to ex
hibit the striking effects that adrenal cortical hormones 
do on infections.

Ashford (14) feels that there is no basis for the 
theory that adrenalin depletion is responsible for circu
latory collapse in diphtheritic toxemia. He bases his 
assumption on the biological assays of the adrenaline 
content of the suprarenal glands of fourteen normal guin
ea pigs which had received lethal doses of diphtheria 
toxin. The results of this assay indicated no signifi
cant difference in values of the adrenaline content be
tween the normal and the diphtheria toxin killed animals.

Conversely, Manfredonia (15) claims that intra
venous injection of epinepharine in combination with qui
nine given to 336 Italian soldiers with malaria gave ben
eficial results. He felt that epinepharine seemed to 
exalt the powers of resistance and hasten immunization 
while quinine destroyed circulating parasites.

However, Sogueira (16) found that in rabbits 
with Streptococcus viridans induced septicemias, epineph
rine treatment before and after infection resulted in a 
retarding action on the elimination of bacteria from the 
blood, facillitated the reappearance of bacteremias, and 
a higher mortality than in the untreated controls.
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Sex Hormones and Resistance 
to Infection

A great deal of work has been done in connection 
with the sex hormones and treatment of infections. Most 
of the findings have been encouraging and seem to indi
cate that these hormones exert considerable influence on 
the pathways of disease.

Terada (17) demonstrated that testis extract in 
Ringer1s solution produced marked spreading of Staphylo
coccus aureus in the skin muscle and knee joints of male 
rats, rabbits, and guinea pigs. He found this to be true 
100°/o of the animals tested.

Estrbgenic substances were shown to influence ex
perimental syphilis in the adult male rabbit by Frazier, 
Mu, and Hu (18). In eight rabbits receiving the injec
tions of these female hormones before the 250 days after 
infection with Treponema pallidum, the testicular lesion 
was resolved in an average time of 58 .4 days as opposed 
to 141 days required by syphlitic rabbits with no hor
mone treatment.

Delpi and Rafyi (19) supplimented Terada1s work 
when they added testicular extract to sheep pox virus 
and noted an increase in the diffusion of the virus, 
with larger lesions resulting, although the virulence 
of the virus was not altered.
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About the same time Magara (20) discovered that 
both male and female sex hormones gave mice a high re
sistance to pneumococcic infection.

Dingle, Meyer, and Oustus (21) having found that 
young animals did not give as high an agglutinin titer 
as adult animals did when both were infected with Bacte
rium pertussis, injected immature rats with gonadotropic 
hormones. They wished to alter the susceptibility of 
the animals by these hormones. However they did not find 
any significant difference in agglutinin titers between" 
normal rats and those receiving gonadotropic pituitary- 
like hormones. There was however, a definite growth in 
the sex organs.

Magara (22) found a protective action with female 
but not male quinea pigs treated with follicular hormone 
and subjected to tetanus and diphtheria toxins. The 
hormone did not neutralize the toxin but increased the 
resistance of the animals.

Much work was attempted with sex hormones in con
junction with tuberculosis. The results on the whole 
were not overly encouraging although some beneficial ef
fects have been noted.

Steinbach and Klein (23) working with gonadotropic 
hormones have recorded good results on experimental tu
berculosis on rabbits and guinea pigs. They injected the



gonadotropic factors antuitrin S, pregnant mare serum, 
and to a lesser extent follutein into rabbits for ten 
days prior to infection with the tubercle bacilli, and 
continued this treatment throughout the experiment. A 
less extensive disease was noted in the treated animals 
than in the controls. However the survival time of in
fected guinea pigs was not materially lengthened by hor
monal treatment.

(ireene and Morgan (24) reported that development 
of a tuberculous infection in male guinea pigs was unin
fluenced by small doses of progesterone, nor could any 
alteration in cutaneous sensitivity to tuberculin be dem
onstrated.

An increased resistance to vaccinia virus in 
adult male rabbits was noted by Sprunt and McDearman (25) 
if the animals were castrated and the estrogenic hormone 
supplied before the vaccination.

It has been shown that the acquired immunity to 
tuberculosis in female virgin guinea pigs was unaffected 
by repeated injections of estrogenic hormones, liray and 
Brack (26) immunized virgin guinea pigs with attenuated 
human tubercle bacilli. They injected these animals 
three times weekly with varying amounts of estrogenic 
hormones. The guinea pigs were reinfected with virulent 
bacilli seven weeks after the immunizing dose and con-

10
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tinned to get estrin. Although there was physiological 
evidence of the activity of the estrogenic hormone, no 
detectable affect on acquired resistance to tuberculosis 
in the guinea pigs was observed.

Hu (27) has reported that the primary male sex 
hormone probably exerts an inhibitory influence on the 
course of syphlitic infection which he claims is not 
solely responsible for the difference in severity of the 
infection between the two sexes.

Significant results have been obtained by 
Campbell (28) in treating rats infected with larval tape
worm with testosterone propionate. In male and female 
rats receiving this hormone before and after infection 
with Cysticerus crassicollis. females showed a marked de
crease in resistance to the infection as compared to the 
normal females, and the treated males showed no change in 
resistance from the controls.

Cornes and Siskind (29) treated immature guinea 
pigs infected with human tubercle bacilli with testoste
rone propionate. So effect on skin sensitivity, the ex
tent or dissemination of the disease, or the character 
of the local or generalized lesions was found.

Tabe and Tei (30) reported that in fifteen rab
bits inoculated with Mycobacterium tuberculosis and in
jected with testicular hormone, five gave positive* tuber-



12

culin tests as opposed to two out of nine which gave pos
itive tests with no hormone treatment.

Treatment of gonorrheal vaginitis with female sex 
hormones has shown quite beneficial results. Rice (31) 
found definite clinical improvement in children infected 
with gonococcic vaginitis and treated with amniotin and 
dietbylstilbesterol. He reported twelve out of thirty- 
three children infected were cured with this treatment.
The fact that the hormone alters the vaginal epithelium 
to the adult type, seems to be responsible for the clin
ical improvement, because it changes the response of the 
tissue to the gonococcus.

Von Haam and Rosenfeld (32) verified and elabo
rated on Magarar s work with experimental pneumonia in 
mice and treatment with sex hormones. These workers in
jected estrone, progesterone, and testosterone propionate 
into adult albino male and female mice. They then injected 
these mice with Type I pneumococcus. The female hormone 
increases the resistance of the mouse to pneumocoeeic in
fection and testosterone provided a slight protective 
effect at higher dose levels and favored the male. Pro
gesterone produced no protective effect whatever.

Further protection by the female hormone was dem
onstrated by Foley and Aycock (33)• They discovered that 
a single dose of 40 to 50 rat units of stilbesterol ren-
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dered mice highly resistant to a dose of mouse virulent 
hemolytic streptococci which regularly killed normal con
trol mice of the same age and sex. Protection was from 
eight to ten days duration.

Maguire (34) treated vulvovaginitis infections 
with vaginal estrogen suppositories. He found besides 
the beneficial effects on the infection, a cornification 
of the vaginal mucuous membrane which, as in the adult, 
makes the area more resistant to the gonococci.

Both male and female sex hormones were again dem
onstrated to have an effect on experimental tuberculosis 
in guinea pigs, when Aycock and Foley (35) injected alpha- 
estradiol dipropionate or testosterone dipropionate into 
guinea pigs. They found that treatment of the animals 
with these hormones before and after inoculation with tu
berculous sputa, resulted in a definite decrease in re
sistance to tuberculosis.

However, Lurie (36) and associates demonstrated 
that in highly inbred sexually mature rabbits, estrogen 
in large doses uniformly retarded the progress of the 
tubercle bacilli at the site of intracutaneous inocula
tion, diminished the extent of the disease in the inter
nal organs, and suppressed to a considerable degree its 
dissemination in the body.
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Thyroid Hormone and Resistance 
to Infection

Mot a great deal of work has been attempted with 
the use of thyroid hormones and infections. In the work 
performed the results on the whole have not been striking.

Locatelli (37) demonstrated that injections of 
thyroxine decreases the weight of the guinea pig’s thy
roid gland. When such a condition was established the 
guinea pig was more susceptable to diphtheria toxin than 
were control animals. He attributed this to the antag
onistic effect of the thyroid and the suprarenal cortex.

Cope and Kopnick (38) reported that the response 
to vaccinia virus was not altered by injected thyroxine 
in rabbits.

Izzo and Cicardo (39) in working with tuberculosis 
have found that thyroidectomized guinea pigs are more sus
ceptible to tuberculosis infection than are normal con
trols, but other guinea pigs injected with 30 gammas of 
thyroxine twice a week are more resistant to the same in
fection than controls.

Parathyroid Hormone and Resistance 
to Infection

Here again little work has been done with this 
hormone with regard to infections. However some of the 
results have been rather encouraging.
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Weinstein (40) studied the prophylaxis of exper
imental infections with various hormone preparations. He 
reported the extracts of the parathyroid and anterior 
pituitary were found to protect against infections with 
Escherichia coli and Pseudomonas pyocyaneus. The pro
tection was thought to be both against intoxication and 
infection with these organisms. However, no such protec
tive effect could be shown against Klebsiella pneumoniae. 
If these endocrine substances were given prophylactically, 
they exerted some protective effect against tetanus toxin. 
This was more of a delaying effect.

Pancreatic Hormone and Resistance 
to Infection *

Some investigation has been undertaken with in
sulin and the spread of virus infections. The results 
are somewhat contradictory but interesting nevertheless.

When Holden (41) administered shocking doses of 
insulin before intracerebral or intraperitoneal injec
tion of nB” virus, herpes virus, and St. Louis encepha
litis virus, she found that the hormone failed to influ
ence the course or development of the respective diseases 
in adult mice.

Jungeblut (42) also reported the same general 
effect with experimental poliomyelitis. His results 
showed that the production of systemic shock did not in-
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fluence the course of experimental poliomyelitis. The 
extent and severity of the lesions showed no significant 
difference between treated monkeys and untreated controls.

However, entirely different results were reported 
by Sandler (43). He worked with rabbits which normally 
are rather resistant to experimental poliomyelitis. He 
found that after a twenty-four hour fast, that if 0 .6  to 
0 .8  units of protamine insulin was injected subcutaneously 
into rabbits, followed by intracerebral or intranasal in
oculation of monkey virus suspension, deleterious effects 
were observed, neuronal injury and necrosis in the me
dulla and cord were regularly produced by these methods, 
with the death of some rabbits due to the infection. 
Widespread lesions were found in the cord as early as 
thirteen hours after intracerebral injection, normal con
trols showed no pathologic changes.

Sandler suggested that the spread of the virus 
was due to a lowered cellular oxidation which was caused 
by the hypoglycemia.

Pituitary Hormones and Resistance 
to Infection

Recently hormones of the hypophysis have been 
shown to exhibit very remarkable results with certain dis
eases. However in regard to microbial infections, the 
results have not been quite as striking.
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While studying the effect of substance on polio
myelitis, Jungeblut and Engle (44) have demonstrated 
that glandular hormones (pituitary) rarely protected im
mature monkeys from experimental poliomyelitis infection, 
but that frequently monkeys so treated developed an anti
body to the virus.

Steinbach and Klein (23), who also worked with 
extracts of the anterior pituitary which contained growth, 
sex, and thyrotropic principles, reported that the ex
tract proved of no value in retarding the progress of tu
berculosis infection. In fact in many instances, rabbits 
and guinea pigs treated with this hormone showed more tu
berculosis than did the controls.

According to Kramer, Grossman, and Parker (45), 
of all the monkeys receiving intranasal instillation of 
pitultrin S and adrephine twice daily for five days, two- 
thirds were protected when infected twelve to twenty-four 
hours after the last treatment with nasal instillations 
of living poliomyelitis virus. Little protection was 
shown when the virus was instilled forty-eight to ninety- 
six hours after the last administration of pituitrin S 
and adrephine.

Coriell and co-workers (46) in treating poliomy
elitis patients with adrenal cortical tropic hormone 
(ACTE) report that there was no demonstrable effect in



the treated as compared to the untreated group when 
evaluated on the basis of temperature response, paral
ysis, progression or paralysis, or early residual ef
fects. According to them ACTH had no beneficial or ob
vious deleterious effect on the course of poliomyelitis 
when treatment was begun after onset of the symptoms.

Other reports on ACTH reveal briefly that it 
seems to aggravate pulmonary tuberculosis (47), while 
exhibiting some beneficial effect on laryngeal tubercu
losis (48), and some good effect on pneumonia (49).

These foregoing articles demonstrate, it is 
hoped, that often enough hormones exhibit a profound ef
fect on the course of an infection. Further it was shown 
that this effect may be a beneficial one or a deleterious 
one with respect to the host.

The purpose of this paper was to determine 
whether desozycorticosterone would alter the progress of 
a mouse virulent strain of poliomyelitis in any way. The 
embryonated hen’s egg was chosen as the medium in which 
the experiment was to be conducted, in as much as it is 
an excellent site for growth of MM poliomyelitis.

It was felt that in as far as the poliomyelitis 
virus is an intracellular parasite, if the metabolism 
of the host were altered in some manner, the host-parasite 
relationship would be effected. Just how much and in
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which direction was to be determined experimentally 
using a hormone as the metabolism-altering agent.

The desoxycorticosterone acetate used in this 
work was kindly supplied by Scherring laboratories. The 
MM poliomyelitis virus was obtained from infected mouse 
brains. They had been infected in this laboratory, by a 
strain originally received from Dr. T. Francis of the 
University of Michigan School of Public Health, by Dr.
J. M. Severens.

'



CHAPTER II

EXPERIMENTAL PROCEDURES

Preparation, of the Virus Suspension
The experimental procedures of Riordan and 

Sa-Fleitas (50) with a few exceptions was adhered to.
Two mouse brains infected with the MM strain of 

poliomyelitis were used as the sourse of virus material. 
They were ground with a cold sterile mortar and pestile 
to a homogenous paste. A total of 20 cc. of cold sterile 
saline was added during this process to facillitate the 
grinding an£ to obtain a dilution of about 10 cc. per 
brain. The saline was added 5 cc. at a time and was 
poured over the side of the mortar to wash down ary virus 
present there.

The virus suspension was then placed in acetate 
tubes that had been previously sterilized by ultraviolet 
radiation. The tubes were placed in a Servall angle cen
trifuge and spun for 10 minutes at 5000 rpm.

The supernatent fluid was removed from the tubes 
by careful decantation into a cold sterile vaccine vial. 
This vial was placed in a large evaporating dish filled 
with ice. It was kept in the ice dish during the entire 
process of egg inoculation.
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Selection and Inoculation of Eggs
Hen’s eggs Incubated at 39° C for ten days were 

used in these experiments. They were candled on the 
tenth day. Only eggs showing good embryonic development 
were selected.

As the egg was candled a line was drawn on the 
shell a slight distance above the beginning of the air 
sac, and at a position in which good circulatory develop
ment was to be seen beneath it. Six dozen fertile eggs 
were selected in this manner.

The eggs were then prepared or inoculated by 
drilling at the spot previously marked over the air sac. 
The egg shell only was cut. This was done by means of 
an electric hand drill provided with a dental burr. The 
outer shell membrane was left intact to prevent contamin
ation from the outside. Immediately after the shell had 
been drilled, a swab dipped in tincture of merthiolate 
was passed over the opening and the area surrounding the 
opening.

All of the drilling and swabbing of the eggs was 
done under the ultraviolet lamp. Twelve eggs at a time 
were prepared in this manner and subsequently inoculated
before any further drilling was commenced.

Inoculation of the eggs was carried out under 
ultraviolet light. A sterile 1/4- cc. tuberculin syringe



fitted with a sterile 27 guage needle were the instru
ments used. Entrance was made into the egg with the 
needle through the drilled hole and at an angle as near 
perpendicular as possible. This was to insure puncture 
of the chorio-allantoic menbrane, and to place the in
jected material as close as possible to the blood ves
sels seen while candellng.

Three groups of eggs were injected in the first of 
the three experiments. One group contained desoxycorty- 
costerone acetate and MM poliomyelitis virus. A second 
group received MM poliomyelitis virus only, and a third 
was inoculated with desoxycorticosterone acetate only.
This third group was dispensed with in the succeeding 
experiments. The reason for this will be explained later.

In the first experiment two dozen eggs were inocu
lated in each of the three groups. In the remaining two 
experiments three dozen eggs were inoculated in each of 
the two groups.

In inoculating, 0.05 cc. containing 0.25 mg. of des- 
oxycorticosterone acetate was injected first. After 
twelve eggs had been injected with this hormone, they were 
again inoculated with 0.05 cc. of the 10c/o MM poliomye
litis virus suspension. This was the first group.

A second group was inoculated with 0.05 cc. of MM 
virus only. These were control eggs.

22
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The third group, which was used in the first ex
periment only, received 0 .05 cc. of the desoxycorticos
terone acetate solution which contained 0.25 mg. of the 
hormone. These also were control eggs.

After each dozen of the eggs had been inoculated, 
the holes were sealed by a drop of hot paraffin placed 
over said hole in the egg shell.

All inoculated eggs were then incubated for an 
additional four days at 39° C.

Harvesting of the Inoculated Eggs
Upon completion of four days of incubation, the 

inoculated eggs were removed from the incubator and har
vested.

Twelve eggs at a time were placed under the ultra
violet light and the egg shell over the air sac was re
moved with sterile forceps. The forceps were then re
sterilized over a bunsen flame and used to remove the 
embryo only from the egg. The embryo was placed in a 
sterile Waring blender, the forceps resterilized and the 
operation repeated on the next egg.

All embryos from the group containing the polio
myelitis virus and cortical hormone inoculation were 
placed in one labeled blender. The embryos inoculated 
with the virus only were placed in a second labeled
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blender, and the desoxycorticosterone acetate control 
eggs in a third.

Only live embryos were selected. Any that had 
died during the four days of incubation were discarded.
A record was kept of the number of live embryos found 
in each group.

The embryos in each blender were then triturated 
for ten minutes. A homogenous paste was the result.
Ice was packed around the blender to maintain a low tem
perature during the grinding.

Five samples totaling about 100 cc. each were 
taken from ¡each of the three blenders, placed in acetate 
tubes and spun in the Servali angle centrifuge for ten 
minutes at 5000 rpm.

This centrifugation threw down the tissues and 
the supernatent fluid from each set of five tubes were 
decanted into separate sterile 8 inch test tubes which 
were marked as to their contents.

Making the Virus Dilutions
This step was begun by taking 1 cc. of the super

natant fluid from the 8 inch virus and hormone tube by a 
sterile pipette, and putting it into a diluting bottle
containing 99 cc. of cold sterile saline. This gave a 
lì 100 dilution. Serial dilutions were then made finally
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resulting in bottles containing 1:100, 1 :1000, 1 :10,000, 
1 :100 ,000 dilutions of the combination virus and hormone 
solution in saline.

Next, 1 cc. of the supernatent fluid of the vi
rus only tube was treated in like manner, as was 1 cc. 
of the supernatent fluid from the hormone only tube. The 
1 :100,000 dilution was not made, however, in the first 
experiment.

All bottles were either kept in the refrigerator 
until used, or in a bowl containing ice during use.

Mouse Inoculation and Titration
These serial dilutions were inoculated into white 

Swiss mice. A comparison of the potency of the virus 
and hormone solutions against the virus only and hormone 
only solutions was sought.

The mice were injected intracerebrally with 0.05 
cc. of the inoculum being titrated. A 1/4 cc. tuberculin 
syringe fitted with a 27 guage needle was used for the 
inoculation. The head of each mouse was swabbed with 
tincture of merthiolate previous to injection. The syr
inge was filled directly from the dilution bottles, which 
were shaken before filling.

A definite number of mice were inoculated in 
each dilution of all groups titrated. Charts were made 
to record the resulting deaths.

87227



CHAPTER III

EXPERIMENTAL RESULTS 

Egg Mortality
From each of the three experiments, the egg mor

tality after injection was recorded. This was merely to 
see if desoxycorticosterone acetate exhibited any influ
ence on the death rate of "the embryos, as compared to 
the death rate with the MM poliomyelitis virus only. It 
was felt that possibly this would give a clue to the 
outcome of the mouse titration by demonstrating which of 
the groups was more lethal.

The egg mortality check revealed a slightly 
greater death rate with the combination of the MM polio
myelitis virus and desoxycorticosterone acetate than 
with poliomyelitis virus alone. However the resulting 
difference in mortality seems to be of small signifi
cance. Table 1 shows the difference in egg mortality.

Mouse Titration
The mouse titration resulted in more significant 

findings. A total of 266 mice were used to determine 
the results. Of these 113 were used with the virus and 
hormone combination, and 119 were used to titrate the 
effect of the virus only, and 29 were used to see if the 
hormone only had any deleterious effect of its own on
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the mice after egg passage.

TABLE 1

THE EFFECT OF MM POLIOMYELITIS VIRUS 
AND DESOXYCORTICOSTERONE ACETATE ON THE EGG MORTALITY FOR 

ALL THREE EXPERIMENTS

Treatment
Number of

Eggs
Inoculated

Number of Eggs 
Dead After 4 

Days
Incubation

Desoxycorticosterone acetate 
and Poliomyelitis virus 96 26
MM Poliomyelitis only 96 30
Desoxycorti co sterone acetate only 24 10

The titration was terminated in seven days. No 
deaths occurred after this time in any of the three titra
tions. However in two of the three, deaths did occur on 
the seventh day.

Death of the mice was always preceded by paral
ysis. The posterior limbs were invariably the appendages 
effected. One case of anterior paralysis of one foreleg
was seen, but the animal subsequently died with flaccid 
paralysis in both hind legs. Occassional anterior paral
ysis has been mentioned by Jungeblut (51).
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The onset of paralysis was usually heralded by a 
general unthriftyness of the mouse. It became quiet, 
ceased to move about normally and sat in a huddled posi
tion. See Figure 1.

As the infection progressed, the mouse lost its 
sleek appearance and the coat became ruffled. Paralysis 
was very evident, with the posterior appendages becoming 
absolutely non-functional and extended laterally or pos
teriorly. The mouse often developed an arched back and 
experienced difficult respiration. See Figure 2. Death 
soon followed this stage. No mouse reaching this stage 
of frank paralysis was ever observed to recover. This 
finding corresponds to the reports of Jungeblut(5l).

As mentioned previously, only the first experi
ment contained the control eggs inoculated with desoxy- 
corticosterone acetate only. The mice injected from this 
source were unaffected, and no deaths resulted. Conse
quently , this control was considered sufficient and was 
not repeated in the two suceeding experiments.

The first experiment showed a definite increase 
in virus titer of the combination poliomyelitis virus 
and desoxycorticosterone acetate injection over the polio
myelitis virus only control. No deaths whatever occured 
in the desoxycorticosterone acetate only control. Exper
imental results from this titration are shown in Table 2.



Fig. 1. White Swiss Mouse Infected with MM 
Poliomyelitis Virus at the Onset of Paralysis.
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MOUSE TITRATIOR OF SUSPENSIONS OF MM POLIOMYELITIS VIRUS 
AMD DESOXYCORTICOSTEROME ACETATE TREATED EMBRYONATED 

EGGS FOR THE FIRST EXPERIMENT

TABLE 2

MM Poliomyelitis Virus and 
Desoxycorticosterone Acetate

Dilution number of Mice
Inoculated

Humber of Mice 
Dead/Day Humber of 

Mice Dead
Percent 
Mice Dead1 2 3 4 5 6 7

1:100 9 0 1 5 3 0 0 0 9 100.0 J
1:1000 11 0 0 2 1 0 0 0 3 ¡j27.3

1:10,000 10 0 0 0 0 0 0 0 0 U
0.0

i

Totals 12 ____40,0
MM Poliomyelitis Virus Only

Dilution
Humber of 

Mice
Inoculated

Humber of Mice 
Dead/Day Humber of 

Mice Dead
Percent 
Mice Dead1 2 3 4 5 6^ 7

1:100 10 0 0 1 1 0 0 0 2 20.0

1:1000 11 0 0 0 0 0 0 0 0 0.0

1:10,000 10 1 0 0 0 0 0 0 1 10.0
Totals 3 _ -2V7

Desoxy cor ticosrterone Acetate Only

Dilution
Humber of 

Mice
Inoculated

Humber of Mice Dead/Day Humber of 
Mice Dead

Percent 
Mice Dead

1 2 3 4 5 7
1:100 9 0 0 0 0 0 0 0 0 0

1:1000 11 0 0 0 0 0 0 0 0 0

1:10,000 9 0 0 0 0 0 0 0 0 ....-0
Totals 0 0
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In the virus and hormone series, 40.0 °/o of 
the mice died, as compared to 9.7®/o of the mice in the 
virus only series that died. This resulted in a 30.3%> 
increment of mortality in the MM poliomyelitis and desox- 
ycorticosterone acetate series for the first experiment.

In the second trial, due to the omission of the 
hormone only control, only two groups were titrated, 
namely the virus and hormone group, and the virus only 
group.

This experiment gave results similar to the first, 
with the exception of a lower difference in virus titer. 
Table 3 contains the complete experimental results for 
this trial.

The virus and hormone combination produced a mor
tality of 39.6°/o, while the virus only series gave 
27.1°/o mortality. Therefore a 12.5°/o increment in vi
rus titer was manifested in the former group over the 
latter. This was less than the percentage increase in 
the first experiment but definitely still of significance.

The experiment was repeated again for the final 
time, this being the third trial. The results from this 
experiment corroborated the results of the other two.
The mortality was 6 5.0°/o in the MM poliomyelitis and des-
oxycorticosterone acetate combination, while totaling 
only 4 0.0°/o in the MM virus control. The difference is
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a 25.0V 0 increment of virus titer in the combination vi
rus and hormone group. The data resulting from this ex
periment is found in Table 4 .

It was felt that these results would show more 
clearly the effect of the desoxycorticosterone acetate 
on the growth of the virus in eggs if all of the experi
mental results were computed and gathered into one table.

This information is to be found in Table 5. It 
shows that there was a 21.4°/o total increment in MM pol
iomyelitis virus titer, due to the action of the hormone.

This increase is due to the 48.3 °/o mortality 
manifested by the total virus hormone groups as compared 
with the 26.9°/o mortality shown by the three virus only
groups.
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MOUSE TITRATION OF SUSPENSIONS OF MM POLIOMYELITIS VIRUS 
And DESOXYCORTICOSTERONE ACETATE TREATED EMBRYONATED

eggs for the second experiment

TABLE 3

MM Poliomyelitis Virus and 
Desoxy corticosterone Acetate

Dilution
Number of 

Mice
Inoculated

Number of Mice 
Dead/Day Number of 

Mice Dead
Percent 
Mice Dead

„L 2 3 4 5 6 7
1:100 12 0 0 5 3 2 1 0 11 91.7

1:1000 12 0 0 3 2 1 1 0 7 '58.3

1:10,000 12 0 0 0 0 0 0 0 0 0.0

1:100,000 12 0 0 1 0 0 0 0 1 ______8.3 .
Totals 19 ..-39.6

MM Poliomyelitis Virus Only

Dilution
Number of 

Mice
Inoculated

Number of Mice 
Dead/Day

Number of 
Mice Dead

Percent 
Mice Dead1 2 3 4 5 6 7

1:100 12 0 0 4 4 1 0 0 9 75.0

1:1000 12 0 0 0 0 2 0 2 4 33.3

1:10,000 12 0 0 0 0 0 0 0 0 0.0

1:100,000 12 0 0 0 0 0 0 0 0 0.0
Totals 13 27.1
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MOUSE TITRATION OF SUSPENSIONS OF MM POLIOMYELITIS VIRUS 
AND DESOXYCORTICOSTERONE ACETATE TREATED EMBRYONATED 

BUGS FOR THE THIRD EXPERIMENT

TABLE 4

MM Poliomyelitis Virus and 
Desoxycorticosterone Acetate

Dilution Number of 
Mice

Inoculated
Number of Mice 

Dead/Day Number of 
Mice Dead Percent 

Mice Dead1 2 3 4 5 7
1:100 10 0 2 6 l 1 0 0 10 100.0

1:1000 10 0 1 4 3 1 1 0 10 100.0

1:10,000 10 | 0 0 2 1 2 0 0 5 50.0

1:100,000 10 0 0 0 1 0 0 0 1 10.0
Totals 26 65.0

MM Poliomyelitis Virus Only

Dilution Number of 
Mice

Inoculated
Number of Mice 

Dead/Day Number of 
Mice Dead Percent 

Mice Dead1 2 3 4 5 7
1:100 10 0 0 7 2 l 0 0 10 100.0

1:1000 10 0 0 0 1 4 0 1 6 60.0

1:10,000 10 0 0 0 0 0 0 0 0 o»o

1:100,000 10 0 0 0 0 0 0 0 0 0.0
Totals 16 ¿0.0



SUMMARY OF TABLES 2, 3, and 4
TABLE 5
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MM Poliomyelitis Virus and 
Desoxycorticosterone Acetate

Dilution
dumber of 

Mice
Inoculated

number o 
Dead/

f Mice 
Day

number of 
Mice Dead

Percent 
Mice Dead1 2 3 4 3 6 7

1:100 31 0 3 16 7 3 1 0 30 96.3

1:1000 33 0 1 9 6 2 2 0 20 60.6

1:10,000 32 0 0 2 1 2 0 0 5 15.6

1:100,000 22 0 0 1 1 0 0 0 2 ____ 9.1i
Totals 57 ____ M V . .

MM Poliomyelitis Virus Only

Dilution
number of 

Mice
Inoculated

number of Mice 
Dead/Day number of 

Mice Dead
Percent 
Mice Dead1 2 3 A 5 7

1:100 32 0 0 12 7 2 0 0 21 65.6

1:1000 33 0 0 0 1 6 0 3 10 30.3

1:10,000 32 1 0 0 0 0 0 0 1 3.1

1:100,000 22 0 0 0 0 0 0 0 0 o•o1

Totals 32 . 26.9 .
Desoxycorticosterone Acetate Only

Dilution dumber of 
Mice

Inoculated
number of Mice 

Dead/Day number of Mice Dead
Percent 
Mice Dead1 2 3 4 5 6^ 7

1:100 9 0 0 0 0 0 0 0 0 0

1:1000 11 0 0 0 0 0 0 0 0 0
1:10.000 _______2_____ 0 J L J L J L JL J L JL- 0 0



CHAPTER IV

DISCDSSIOn

Brown-Sequard in 1356 first demonstrated that 
there was a definite endocrine activity connected with 
the cortex of the adrenal gland. A series of twenty- 
eight crystalline steroids have since been isolated from 
this tissue by Kendall, Reichstein, and Vintersteiner.
One of the most active of these compounds is desoxycor- 
ticosterone.

Desoxycorticosterone exhibits a very powerful 
effect on the electrolyte balance. It causes a retention 
of sodium and chloride with concurrent retention of fluids 
and decreased sweating. It also may affect an increased 
excretion of potassium. It is necessary for the normal 
absorbtion of sodium chloride in the intestine and for 
reabsorbtion of sodium chloride and the concentration of 
potassium in the renal tubules.

Desoxycorticosterone has found wide use in the 
treatment of adrenal insufficiency and Addison*s disease. 
However, overdosage of desoxycorticosterone acetate may 
have toxic results. It can cause sufficiently severe 
adrenal-cortical atrophy to produce a modified type of 
adrenal insufficiency, due to suppression of endogenous 
gluco-corticoid production (52). Also prolonged adminis-
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tration may cause a great increase in blood volume with 
cardiac dilitation, hypertension, and proteinemia in 
man and animal (53).

It can readily be seen that this hormone has 
very marked effects on metabolic rates.

nevertheless, instead of producing a beneficial 
effect on poliomyelitis infected embryonated eggs as 
might be expected, it actually increased the growth of 
the virus in this medium. This finding seems to oppose 
the majority of reports on the effect of desoxycorticos
terone and other cortical hormones on many diseases and 
infections.

Yet it is difficult to hypothesize just what the 
answer might be. The embryonated egg does not possess 
the same defense mechanisms as an adult animal. Further, 
it is an excellent medium for cultivation of many micro
organisms which shows its susceptibility to infectious 
agents.

To hypothesize an answer, one might look toward 
the action of the hormone itself. Desoxycorticosterone 
acetate has a decided effect on salt and water balance.
As has been mentioned, overdosage may have deleterious 
results. In the light of this factor there is a possi
bility that the dose of desoxycorticosterone acetate 
given to the egg in these experiments was excessive, and
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when coupled with the presence of the poliomyelitis virus 
produced an increased virus titer.

That the dosage was excessive is reasonably cer
tain. The eggs averaging about 50 g. received a 0.25 mg. 
injection of desoxycorticosterone acetate. A 70 kg. 
adult receiving a proportional dose according to his 
weight would get a 350 mg dose. This would be far in ex
cess of the amount of desoxycorticosterone acetate suf
fering with Addison1s disease, which is an affliction re
quiring high daily dosages of the hormone. Thorn (54) 
reports dosages varying from 3 to 25 mg. daily as effec
tive in treatment of Addison*s disease. Selye (55) 
feels 2 to 6 mg. of desoxycorticosterone acetate daily 
is sufficient. At any rate the amount is much smaller 
than a dose proportional to the amount injected in the 
eggs would be.

Such an injection into an egg might affect its 
salt and water metabolism in such a manner as to promote 
a greater virus activity and spread. Just how this would 
be accomplished is difficult to say. Possibly it could 
be that the hormone excess disrupted the cellular metab
olism enough to produce a hypoglycemia such as is pro
duced in animals by reduced gluco-corticoid production. 
Sandler (43) has mentioned hypoglycemia as a factor in 
the spread of poliomyelitis in the rabbit.
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As previously mentioned this explanation is 
purely hypothetical. There is as yet no definite exper
imental evidence to support it. There are many questions 
concerned with this problem that remain to be answered.

1



CHAPTER V

SUMMARY

1. Hormones often exhibit very marked effects on infec
tions. The effects are usually beneficial but are 
sometimes deleterious. The most active hormones seem 
to be those of the adrenal cortex and the sex hormones.

2. Following the technique of Riordan and Sa-Fleitas, 
three experiments were performed with the purpose of 
ascertaining the effect of desoxycorticosterone ace
tate on the growth of MM poliomyelitis in the embry- 
onated hen’s egg.

3. Three groups of eggs were inoculated. One group had 
desoxycorticosterone acetate and MM poliomyelitis vi
rus together. One had MM poliomyelitis virus only, 
and a third had desoxycorticosterone acetate only.

4. A slightly greater egg mortality was shown in the 
eggs inoculated with both desoxycorticosterone ace
tate and MM poliomyelitis virus in comparison to the 
other two groups. The difference was too small to 
be claimed significant.
The growth of the MM poliomyelitis virus in the egg 
groups inoculated with desoxycorticosterone acetate 
showed a significant overall increase of 21.4°/o 
over the groups with only the virus. This was dem-
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onstrated by mouse titration. The presence of the 
hormone definitely promoted the increased virus titer 
in eggs.

5. The hypothosis that the results might be due to a
disturbance of mineral metabolism caused by an exces
sive dose of desoxycorticosterone acetate vas men
tioned.
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